\

19950118 044

-{ 11. SUPPLEMENTARY NOTES

REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

R

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for
gathering and maintaining the data needed, and completing and reviewing the ¢collection of information. Send comments ¢

reviewing instructions, searching existing data sources,
arding this burden estimate or any other aspect of this

collection of information, including suggestions for reducing this burden, to washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson
Dawis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

2. REPORT DATE
05/00/77

1. AGENCY USE ONLY (Leave blank)

3. REPORT TYPE AND DATES COVERED

4, TITLE AND SUBTITLE
METHODOLOGY FOR THE VALIDATION OF COLLECTION HANDLING AND PRESERVATION

OF WATER AND SOIL SAMPLES

5. FUNDING NUMBERS

6. AUTHOR(S)
PATTERSON, J.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

PATTERSON ASSOCIATES
CHICAGO, IL

8. PERFORMING ORGANIZATION
REPORT NUMBER

81266R31

9. SPONSORING /MONITORING AGENCY NAME(S) AND w

ROCKY MOUNTAIN ARSENAL (CO.)
COMMERCE CITY , CO

10. SPONSORING /MONITORING
AGENCY REPORT NUMBER

12a. DISTRIBUTION / AVAILABILITY STATEMENT

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

THE BASIC OBJECTIVE OF THIS STUDY WAS TO RECOMMEND INTERIM

SAMPLING PROGRAM.

EXTRACTION, CLEAN UP AND ANALYSIS.

PROTOCOLS FOR THE

LABORATORY VALIDATION OF SAMPLE COLLECTION, HANDLING AND PRESERVATION METHODS
DURING THE INSTALLATION RESTORATION INTERIM GEOHYDROLOGICAL PILOT SOIL/WATER
THE PROTOCOLS WERE INTENDED TO INCORPORATE METHODS OF SAMPLE
THE SCOPE OF WORK ORIGINALLY STATED TO

ACHIEVE THE OBJECTIVES OF THIS STUDY WAS DIVIDED INTO 4 GENERAL AREAS AND WAS

STATED AS FOLLOWS:
TECHNIQUE 2) RECOMMENDED INTERIM VALIDATION PROTOCOLS,

1) REVIEW OF LITERATURE ON ENVIRONMENTAL FATE AND ANALYTICA
3) 'VALIDATION OF

SAMPLING, HANDLING AND PRESERVATION METHODOLOGY AND 4) EVALUATION OF PILOT

FIELD PROCEDURES.

THE PROJECT EVOLVED, AS NECESSARY, MEETING THE DEMANDS AND -

CAPABILITIES OF THE MATERIAL ANALYSIS LABORATORY DIVISION AND THE REQUIREMENTS -

OF THE INTERIM

GEOHYDROLOGICAL PILOT PROGRAM. THIS PROJECT IS CONSIDERED

PHASE II OF PATTERSON

ASSOCIATES’ INVOLVEMENT AND IS DESIGNED TO SUPPLEMENT PHASE I (METHODS FOR

Y

14. SUBJECT TERMS
DCPD, DIMP, ALDRIN, DIELDRIN, ENDRIN, ARSENIC, CONTAMINATION, PRIORITY

POLLUTANTS

15. NUMBER OF PAGES

16. PRICE CODE

17. SECURITY CLASSIFICATION

F REPORY
UN%LAS IFIED

18. SECURITY CLASSIFICATION

OF THIS PAGE OF ABSTRACT

19. SECURITY CLASSIFICATION

20. LIMITATION OF ABSTRACT

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribea by ANSI Std. 239-18




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



P e
LA

b

{,.

81266R31

original
;e METHODOLOGY
~ . [ * FOR
e s soawniey
o ’ THE VALIDATION OF COLLECTION, HANDLING

AND PRESERVATION

OF

| S =

WATER AND SOIL SAMPLES S5 — 8
3 = ==

d O =

e SR

S S =

o 2

~ 2

S s

= S o

o

| S
Rocky Mountain Arsenal = = =
O M~ X

. . S %
Installation Restoration =4 23
=) [«}]

May, 1977 —

FILZ COP

Accesion For

NTIS CRA&l %
DTIC TAB
Unannounced ]

PATTERSON ASSOCIATES, INC, A
Justification

By
Distribution/

Availability Coges

Dist

A-!

Avail and/or

Special




1540 N. State, 10-D
Chicago, IL 60610
June 17, 1977

Mr. Irwin Glassman,
Director

Installation Restoration
Rocky Mountain Arsenal
Denver, Colorado 80240

Dear Mr. Glassman:

In accordance with the agreement between Rocky Mountain Arsenal

and Patterson Associates, Inc., we transmit herewith our f£inal
report on Methodology for the Validation of Collection, Handling

and Preservation of Water and Soil Samples. As you are aware,

this report has been delayed sixty days beyond the original date

of submittal in order to provide maximum opportunity for inter-
action between MALD and our staff, thus allowing the report to
incorporate final recommendations based upon the most recent .
results of MALD in assessing methodologies of concern in the

IR Interim Geohydrological Pilot Program.

In preparation for this project and during its course, five

joint meetings were held between representatives of RMA and

Patterson Associates, for project planning and coordination.

In addition, there was one meeting held with the Analytical

Systems Committee (3 March 1977). These meetings are listed
below:

Date Location Represented
12 December 1976 Chicago IR-MALD, PAI
19-20 February 1977 RMA Edgewood, IR, PAI
2-=3 March 1977 RMA Edgewood, IR, PAI
3 March 1977 RMA ASC, PAI
29 April 1977 RMA Edgewood, IR, PAI
27 May 1977 Chicago | Edgewood, IR-MALD, PAI

These meetings were invaluable in allowing proper planning and
liaison in support of the project goals. .
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Installation Restoration
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Page 2
Mr. Irwin Glassman
Rocky Mountain Arsenal

The project has been dynamic in nature, evolving as necessary
to meet the demands and capabilities of the Material Analysis
Laboratory Division, and the requirements of the Interim
Geohydrological Pilot Program. As a result of this evolution,
various recommendations submitted during the project were
modified at the discretion of MALD, and the results of those
modified procedures are incorporated into and discussed in
this report.

Sections III.C and IV.B of this report contain our final
recommendations, based upon our experience with and assessment
of MALD efforts since project initiation. These recommenda-
tions are presented and discussed in the cited report sections.
However, I wish to particularly call your attention to
Recommendation No. 3, page 31. As documented in the report,
it is our recommendation that until such time as adequate
methodology has been developed under the auspices of the
Analytical Systems Committee, or developed by MALD with the
concurrence of ASC, soil analyses for DCPD should not be
conducted. Further (see page 32), due to uncertainties
associated with soil core storage, we strongly urge that all
s0il samples be immediately extracted. As noted in our re-
port this requires that the rate of drilling be closely
coordinated with MALD extraction activities.

Cordially yours,
e

. - -e:'_. - ,ﬁiﬁ.’."?-’.a
JWP :mk "”’&ames W. Patterson, Ph.D.

Encl.
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I. INTRODUCTION kf 3‘ fq'/y' f f'] 372‘4: .7" Pl - AR S A 2

. 2. Duzing rY77 the DECON TECH, Task of the IR prograp focused ©n

| development of a pilot system to contain and treat contaminated ground
j vaters crossing the north boundary of Rocky Mountain Arsenal. The f£inal |
_design for this pilot hzs been develcped and the system should become

operational in mid-FY78. The data from this pilot will be used to

develop 2 final treatment system. Program exmphasis in late FY77 turned

to development of mechqisms to eliminate or contain the pollution
sources at RMA. %.is work will increase in FY768. The boundary work
is not being discontimued but rather it if being complimented by the
pollution source ;:ont:ol work. without;. control of polluticn sources,
the boundary system would have to operate for an extended period of time.
B. During FY78 the DECON TECH program will be operating om two
. broad fronts:. £irst, the develiopment of processes to control the
pellution sources; znd second, the implementation of test systems ¢o
contain and treat contaminants in the ground waters of RMA, In the

beginning of FY78 the process develomment work will be the largest effort.

Towaxd the end of the fiscal year, however, a large prograx effort will

develop in systems implementztion.

C. Process Development. The various efforts within process system

development have been divided into discrete but interrelated research

2reas. YThese areas are:

) ~ Water Treatment technolc;gy (includes surface and grocund water trezimen

~ Process wastes and sludge treatment.

- Soill treatment.




- (1) . The water treatment process development research area is the
most advanced of all the areas at this time. 'n;rough the studies con-
ducted in this area, processes are being developed to remove contaminants
from surface and groﬁnd waters. The developem;é of the gra.mular carbon N

process for the north boundary pilot system was a part of this work.

Studies are now being oriented to develop & process j_s_xsjfn-x_for-the .more

concentrated amounts of contaminants fcund in the ground water at and

anm—

near the pollution sources, Establishment and operation of a ground- .
— WM
water tzeaﬁnent systan at the pollutmn source in conjunction with a
pollution source control mechanism (treatment/contam.na.nt) would reduce
it S CUVRT D W""W?)m-’ .
the time of operation for the boundary contaminant system.

(2) Studies in process waste and sludge treatment will be emphasized
in the FY78 program. These studies will be oriented toward treatment
and ultimate éisposal or reuse of the water treatment process side stream
wastes and 'sludges. Some work has been accomplished in this area with
the conduct of the granular carbon regeneration study done by Calgon
Corporation, and the powdered carbon di;pos'al/:egenexation study by the.
Q:enica.l Systems Laboratory. The FY78 program will pursue the investigation
- ©f the fate of pollutants absorbed onto the carbon during regeneration
and will also look into methods of disposal for sludges derived from
other deve-lopi;xg Processes (i.e., inorganic treatment processes).

(3) Soil treatment stua:.es will be :.mtiated in FY78. These studies
= HARRSR IR

will investlgate both 1ns:.tu and excavated methods of treating con-
WM

taminated so:.l. From this research the methods and systems for treatment
IR SO RGO .
of the pollution sources will be developed.
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(4) Process systems developed for the RMA program will have a
. broader application than just one installation. The process concepts

will be developed with an eye toward broad application. &As other IR
program treatment requirements are identified, these methods can be reviewe3d
and, if applicable, implemented with a much reduced developmental effort.

D. Process Implementation. The implementation phase of the developed
processes started during n"}? with the design of the RMA noz"t.h boundary
'pilot contaminant and treau:;ent system. Process implementztion includes
establishment of the pilot, as well as the testing associated with

pilot expansion, and is broken down into the follawing work areas:

- Water management and contaminant systems analysis (includes

both ground and surface water) .

_ = Treatment process syétm analysis (includes both pilot and final
. process implementation and orientation). -

(1) The water management and contaminant studies are oriented

es that can be tzker. to prevent a

toward investigation of n A
specific polltition source from cqntaminating c_:_rgund or surface water.
This area of work also includes investication cf mechanisns by which
ﬁate: can be withdrawn and r'esuppliea to the water system without
detremental effects on water supplies of downstream users.  Scme work

in this area was done in preparation of the design for the north boundary

pilot systems. Some prelmina.fz'-_work hag 2lso been done on evaluating

3o, i &

SRR -.»—W—‘.ﬁ&:n\‘t‘ﬂmw TV uruls (Y
methods to tosa;_l contain the pollution sources,




preventing further contamination migration from these sources. During FY78 .
this work will be expanded and methods for pollution source containment will

e 8 i F TS I I AT U RSSL5
be further investigated as will the available methods to flush for treatmenmt th:

ound _wa movi toward the RMA boundary.
Tound water moving toward the RMA boundary

already contaminate

2. The treatment process implementation work will commence in FY78
with the installation of the process for the nmorth boundary pilot system.
This work will commence in the first quarter of FY78. Additional work is

anticpated in this area toward the end of FY78 when combinations of unit
processes will be tested to determine the best process for the f::.nal
north boundary systenm.
3. Programs.and Schedules.
a. Water treatment technology developnent.
(1) During FY7§ water treatment will be pursued for removal of both .
organic and inorganic contaminants. The organic removal processes are at a
more advanced stage of development than the ix;orgnnic due to the work

completed in FY77. The processes being studied are granular carbon adsorption

.

orome ma,
-

and ultraviolet light ozone.

() Ultraviolet light ozone.

® pianned Work

The ultraviclet light ozone work will be pursued on a bench scale as
well as a field scale (1-5 gpm) level. The ber.n:‘h work will be oriented
toward determining the best reactor design for treatment of contaminated ground
water across ‘the Arsenal. Water samples from the north boundary, well 118
(Basin F area), and well 11 (Basin F area) will be processed.. The results
of th;ase studies will be compared to the field scale test results; initially .
the. f£ield scale tests will be done on a reactor leased from Ultrox Corp in

4




California. The initial tests will be used to determine and verify scale-up

" requirements for the process. Once this testing is complete, a modified desig

reactor will be procufgd. The design of this unit will be based on the
results of the bench scale work and will be. able' to accommodate the varing
quality of ground water requiring treatment. This work was started in the
last quarter of FY77 am.i will continue through FY78. A schedule of planned
IJV—O3 work is shown at Figure 1. The FY78 work will initially 'b_e oriented
toward treatment-of ground waters north of Basin F (north boundary to well il!
Thesg results will be reviewed with respect to implementation of -a final unort
boundary treatment system. The testing will continue vand move into treatment
of water south of Basin F into the Basin A area (well 11). 'rime' has been
allowed in the schedule shown to evaluate treatment of éround water at
sources other than Basj.t;s A and F should additional sources be discovered.
The combined results of these studies will provide iﬁomtim from which a 1

03 process could be designed to remove organic contaminants from ground wate:

at the sources of any point along the contaminant migration route. The UV-0,

testing should be complete in FY79 for all sources.

. ® Checkpoints:

, The UV-03 work will be continuali!.y evaluated for applicability and
cost effectiveness. Certain specific key checkpoints for program have been
id'entified; however, at these checkpoints the c-?mpleted results for that por
of t.he testing p'rogram will be: reviewed and a decision will be made as to tt
continuation ‘of testing. The identified points are at the end of FY77 test:
and at the completion of nerth boundary anmd weil no. 118 test';ing. At the e
FY77 testing, the evaluation of the efficiency of the leased unit, as well .

some insight into scale-up requirements, should be known. If the test

5




results at this time show that the process is not cost effective or that the

process is not applicable to the given problem, the test program will be .

discontinued. At the completion of testing on the north boundary and Basin F

area samples, the test results. will again be reviewed. These results should

stfow specific process requirements. for removal of organic contaminants in

the area north of Basin F to the north boundary. Again, cost effectiveness

#nd treatment applicability will be evaluated with respect to continuation of

the program. _ )
(b) The granular carbon bench and field study work for the morth

boundary were completed in FY77. Based on th;s information, the design for
2 treatment process in conjunction with the north boundary pilot has been

developed. This process will be constructed during the first quarter of FY78.
wvere initiated in late FY77 and
- VUGN waeE TR

(2) The inorganic treatability studies

will continue in FY78. These studies will be pursued at the b;nch scale .
. SNSRI RIS
and field scale during FY78. The initial bench work will be oriented toward
¢ oS- .

treatment of ground water in the Basin F to north boundary area. As these

- tests are completed, testiﬁg-;ill begin in the Basin. A and other identified

pollution source areas. After sufficient data has been gathered on the bench

level, field testing of the processes will start. This testing is currentliy

targeted for initiation in January of 1978. By the end of the third guarter

of FY78 sufficient process information should be available for the nmorth
boundary to Basin F area. This information will be coordinated with the organic
process data to develop a finalized treatment scheme on the north boundary

system. Field studies with the inorganic processes will continue on the

- Basin A area and other identified pollution sources into FY79. After

smpletion of these studies, all process information will be reviewed and a .

grou;xd-water source processing system developed.




The same type of decision points are planned for these inorganic studies a
for the organic treatability studies. The program will be checked for cest
effectiveness and applicability at the initiation of field studies, and zfter

the results of the well 118 to the north boundary portion of the study are
complete.. The results of the north boundary ;ilot ‘monitoring will also ;e
compared to the proposed and existing standards for irorganics if the
opefat:[on of the system sufficiently averages the concentration of these
contamina:nts and reduces them below the required levels, the tre.-a.tyent_
d.evelopment effort for inorganics will be reduced. The effort could not be
toally terminated because of the i:eciuire’ments for treatment in the source
aréas..

B. Implementation of Developed Water Treatment Prccesses.

l. " Granular Carbon ,

a.—.-" As noted before, the developmenta.l work o;: the granular carbon process
is complete. .A carbon adsorption process will be installed as part of the nort
boundary pilot system..‘ This construction will bg constructed during the first

quarter of FY78 and used to treat construction waste waters from the

'dgwa'terir;g and recharge well testing during the second quarter of FY78. The °

tc-:at'al,l sy:stem will become operational in mid-FY78. The datza from this
operating ’pi.lgt will be monitored to assist in development of a final norlt'h
boundary treatment complex. The operating facility will also provide
i;xfomatibn on the flow of ground water to the system and the resultant average
cont’:;zntra.tion of contaminants requiring treatment. There is a possibility
that if conditions are favorable the north boundary system will have minimum

expansfion requiremente. These conditions will be watched closely to insure

that only the required expansion is done.

7




2. Combinatio; Process Testing.

a. After completion of developmental work for the organic and inorganic
treatment processes for the north boundary area of RﬁA (Bas;n F tp the north
boundary), the processes will be tested in combinations to determine the
most effective systemization. These tests will start in the last quarteé
of FY78 and be completed by the end of the first quarter FY79. After
gompletion of these tests, design criteria will be developed for the

expanded treatment .system for north boundary contaminant m;gratibn control.

The decision as to what processes will be tested in combination will be

based upon the results of the lab and field studies and the treatment requirement:

identified by monitoring the influent water quality of the operating pilot
system. Only the required treatment process will be tested for integration
into the final system design criteria development.

b. A s;milar type combination process study will be conducted at the
comblecion of.the source treatment process studies. These studies are
currently targeted to start in the fourth quarter FY79. -If no sources
otﬂer than Basins F and A are found, these studies might start sooner in FY79.
Théée studies should be completed with design criteria developed at least by
the end of FY80. Again, the field testing results will be closely monitored

and only the applicable processes will be integrated into the final system

combination tests.

3. Design Procurement and Construction.

It is estimated that design, procurement, and construction will take

approximately 12~15 months after design criteria is complete. Based on this

timing, the final north boundary system would be complete and operating during

O it e A T e o T BT SR e,

FY80 and pollution source water processign could be operative ir FY82,

——

Again,

. ey e -
ommn—— -— -
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if no additional pollution sources (other than Basins F and A) are
discovered this system might be operational in FY8l. The operation of
' these systems could be done in conjunction with source 'soil treatment or
source containment. "

4. Water Treatment Process Waste Side Stream and Sludge Studies.’

a. 'In conjunction with the development of the water treatment processes,
waste éro:;ess systems will also be developed. These waste processes are
needed so that &s a sludge on side stream waste is delivered from =
treatment unit, it can be processed for reuse or ultimate dispos.a.l. To
date some work has been d;ne in this area; namely, the powdered carbon
regeneration testing from the Calgon. granular carbon system. This work,
however, was short term. >In the case of the granular carbon only regeneratic
f}ﬂ:nac,e emission. testing‘ was done to determine if any compounds were present
that. would preclude use of the regeneration process. The comments on the
Draft EIS for this process stressed the ;eed to know how the adsorbgd |
compounds interacted and what their fate was as a result of régeneration. T
type of information will be developed by this study area.' .

b'. During FY78 the gsgeneration of granular carbon will be studied in

more detail as will disposal/regeneration systems for the inorganic treatmen

A ———————————
e ———

processes. In line with the schedule (Figure 2) a review of all processes

under study will be made and the type wastes expected from the processes wil
.defi;ted. From this evaluation & study plan will be prepared and forwarded t
the Officé of the PM CDIR for review prior to co.xmnencemenf of work. The
#ct@l conduct of the work will be split into two 'phases as 1is the treatment
process development work. The initial effort will be oriented toward
development of.disposal/reuse processes for the wastes developed by the

)

" - 9




North Boundary treatment processes. This work will include the granular .

carbon regeneration study. This work will be éondu_cted on a laboratory

_and field study scale as it is applicable for the processes under review.
The second phase of this work will be oriented toward disposal/reuse of
~\.1.a.ste products delivered by the pollution source treatment unit. The
results of both phases of this study will be coordinated with. the
combination water treatment process tes;ing discussed in para above.

C. The schedule for completion of this dj.sposal/reuse process development
vorl; is largely dependent upon water treatment process developme_nt. It is
est‘:[mated, however, t!;at laboratory work on disposal/reuse processes will
be complete by the end of FY78 aqd field studies will be completed by 4QFY79.
‘.l'hé'results of all these studies will be used in the combination process
tes‘tij.ng and design crite.ria development .for 8 £inal treatment system. .

a2 Soil Treatment Studies.

a. The primary cause of ground-water pollution at RMA is the leaching

of co'ntaminants from waste disposal areas into the ground-water system..' These
. waste disposal areas ;re referred to as the pollution sources. The leaching
f_rom these sources may be from a point source of disposed waste, but more
likely it 4s believed that the long term and continuing source is from the

1e'aching of soils heavily ladden with contaminants. These contaminated soils

‘must therefore be evaluated and treated if the migration of this pollution

is to be stopped.

b. The development of soil treatment pro_geg' ses will be pursued on two
M .

fronts: namely, “insitu and excaviated soil treatment work. The insitu work

will investigate processes such as chemical fixation, vegetative uptake, .




and bic-transfomz;tion of contaminants. The excavated soil treatment work
will investigate processes such as .themal and chemical neutralization. The
Basin F source area is largely a unique liquids and sludge problem that will
be handled under a separate area (this area will be discussed later).

c. Starting in the 1QFY73, an evalua;io;x of all pollution source so.ils dat
will be made. It is expected that the bulk of this datz will ﬁe from the
Basin A area and derived from the ongoing pilot comprehensive scrvey work. Als
information will ‘be available on the ground ‘water quality in ti ; area: This
data will come from the comprehensive survey work as well as thz cagoing -
ppllution source and water treatment study be;lng done by the Chei.’cal
Systems Laboratory at Aberdeen Proving Ground, MD. After review of these
data; a Study plan will be developed-for both i.nsi'tu and exg:avated soil
treatment. The study plan will provide for as quantitative 2 review as is
possible of applicable treatment schemes. It is recognized that it is not
cost effective nor affordable to develop all or possibly even many methods of
soil detoxification. Therefore, the lst quarter evaluation should include a
qualitative assessment of all potential processes and only the most promising
teéhnologies should be quaﬁti;étively evaluated during the remainder of the
fisi:_al year.. ﬁeavy consideration should be given to cost effectiveness and
prqc-ess applicability when the selstion of processes .;‘.'or quantitative study is
made. The results of this FY77 work should show the costs of the various
proc-esses, both for such dgvelopn_\eﬁt and impleme:ntation, ;s well as the_
adva.nta.ées and :iisadvantages of each process; Based on this work, the FY79
and FY80 process work can be finally determined and developed. These studies
should bé c;:.‘m.plet'e with the development of f£inal system de;ign criteria by the

end of FY80.
11




6. Containment Systems Evaluation.
- — )
a. The development of treatment processes will progress rapidly in FY78

and by the end of th_e year, a good synopsis of complete treatment requirements,

. developmental and implementation costs, and 'operating costs will be available.

These treatment requirements, costs, and time estimates will be compared to the
requirements, costs, and times for total contaimment of the pollution sources.
The containment data will be developed under this portion' of the decont'_amination

technology program.

b. During FY77 Basin F and Basin A qualit;tive containment.studies vﬁ?
completed. Ihese studies identify specific areas of work for quantitative
evaluation and design criteria development for the containment types
specified. in FY78 these quantitative studies will be pursued. At the end
of these studies, quanti'tative datz as to design, procurement, a'nfi
construction costs and times will be available. This information
will be compare;i to the treatment infotmation and & decision will:besmade
as to the types of containment and/or treatmenmt schemes to be employed. ©Of
course, 1f treatment is chosen over contaz.nment, the planned treatment work
schedules discussed previously will be employed. 1f, however, the treatment
effort is reduced or eliminated, the work schedules and costs for treatment
works be altered accordlngly. The work schedule for containment impleme-xtatlon

in FY79 is dependent' upon the results of:the FY78 studies. It is presently

estimated, however, that if contaimment is employed at any level, it couid be

. completely installed ‘by the end of FY79.

c. In the first quarter of FY78, a2 study plan for conduct of the
quantitative studies will be developed. This plan will be reviewed by the
0ffice of the PM CDIR prior to commencement of the studies. The studies

12
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themselves should be complete and design criteria developed for the type(s)

of containment system(s) recommended for implementation. Any treatment

requirements for the containment systems prgsented sﬁould be identified.

Cost effectivgness and appliqability of a2 system to ;hg given field conditions

at RMA should be evaluated and onlf the most feasible system(s) should

have design criteria developed. If contaimment is found to be .infeasible,

the reasons why should be stated. After design criteria is develofgd, a

recommended approach to FY79 degign.'procﬁrement, and implementation §hou1d

be presentedi

* 7. Water Management Studies.
a. The water managemenfjg;udies involve study of the water systems and tt

methods by which water can belpumpgd and/or piped in conjunction with a

contginme;t anﬁ/or treatment system such that thé original water conditioms

are maintained and minimal water loss occurs. Some wgrk of this nature has

ﬁeen done in ;onjunction with the north ﬂﬁundary pilot system. 1Imn order to

expand this system, however, and in order to support some of the insitu soil

treatment studies, additional .work will have to be done in this study area.

work would be done primarily between the north boundary'and Basin F, in the

Bagin F area, and in the Basin A area. ’

* B: In the ;st quarter of FY78 the available geo-tech data and.grohnd-wab

data on the areas of concern would be evaluated and from this evaluation a st

plan should be oriented toward developing quantitative data as to the quantit
: e

of flows and aquifed charscteristics in the study areas selected. Also, the

plan should include provisions for field testing of various pumping .and

recharge well arrays -on 2 small scale. This plan would be forwarded to the

- ewe: e o

Oifice of the PM CDIK for approval prior to implementation. The data gained

the field testing should be such that quantitative estimates of water'manageu

—e——

systems requirements and costs can be made for the north boundary system




expansion and for source water treatment/containment systems. The total

tern of these tests is dependenf upon the schedule of treatment development .

" and requ:}:rements. It is estimated however that these ‘type tests will continuc

through FY79.

BASIN F .
2. The treatment and elimination of Basin F is being worked on as a

separate study area. The above listed study areas could be applied in whole
e, . .

or part to iInstallatiomns other than RMA but the Basin F problem is unique to K

b. The treatment of Basin F is being approached in four phases. These

are:
Phase I - Problem Definitit;x}___ -
Phase II - Basin Characterization and Pretreatment development
| Phase III -~ Treatment System Development
Ph_a's.e IV - Comstruction of Treatment System. | .
Als;a,.' the containment studies_ disFussed in para ___ will .run concurrent
* with Phases IT and 1II. | |
' c. Phase I was initfated in FY77 and will be complete with a final
) i:épbrt written by October 1977. This report w:t.ll .include. a comprehensive
hi-s'tory éf the Basin and also the analytic_al results of samples taken across
: th; baé:[ﬁ- . The samples were not only taken at thé sﬁ;'face but also through
. vtf.he dépth of the Bas:in and include samples of thé basin's bottom sludge.
The’ res.'ul:ts' ;fi.the Pﬁas; I work will define the requirements of Phase II

and IIT actions. Based on the sampling resulté of Phase I, it is hoped that

- ———




only minimal additional characterization work will have to be dome in

Phase II and that pre-treatment work cam be emphas.ized. Pre-treatment
L e sneseratutey

) testing is scheduled to start in the beginning of FY78. From the pre-

S ———

,treamert work, the Phase II treatment studies will be quickly picked up. It

. 15 estimated that these studies will-coumence in wid-FY78 and are targeted

for comx;letion.by the end of FY79. These studies will form the base from
which a final treatment system is designed, procured, and constructed. This
implementation work is estimated at 15-18 months and treatment would begin
in FYB1. ‘ R

d. Concurrent with Phase II treatment studies, a commercial industrial

'survey will be conducted. This survey will be oriented toward determining

if a commercial firm is interested in processing Basin F for recovery of metals

or other compounds. Also, commercial disposal contract’s will be evacuated. Th

results of this survey will be used to determine if it is more cost effective

for .the Government to go commercisl contract_ for dispoéal of the basin
rather than developing a2 treatment scheme. |

e. Basin F containment studies will also be conducted during FY78. i'hese
types of studies are _discussed in para __. At the end of FY the estimat'ed tre
ment requirements, costs, and timing will be compared to the .containment.
study results, and a decision will be made as to the containment and/or

»

treatment approach to be pursued.
l/ 8.’ din . -

The funding for the RMA R&D program discusced above is shown in Table 1.
This fund:'lng distribution assumes ful; funding in FY78. 1If FY78 funding is
r:ut , smn;a of the above described work will have to be decreased in scope or

eliminated. The exact reduction of work camnnot be determined until the amount

" of the budget cut is known. .
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METHODOLOGY FOR THE VALIDATION OF COLLECTION, HANDLING
AND PRESERVATION OF WATER AND SOIL SAMPLES

Rocky Mountain Arsenal Installation Restoration

I. General
| A. Background

The basic objective of this study was to recommend interim pro-
tocols for the laboratory validation of sample collection, handling and
preservation rggthods during the Installation Restoration Interim
Geohydrological Pilot Soil/Water Sampling Program. The protocols were
intended to incorporate methods of sample extraction, clean up and
analysis. Statistical evaluation methods were to be proposed to ascer-
tain the impact on precision and accuracy of sample collection, handling
and preservation procedures. These results when incorporated with the
existing quality control program developed by the RMA-MALD personnel
concerning extraction and analysis were to provide overall precision and
accuracy limits for the I R Interim Geohydrological Pilot Program.

The project, considered Phase II of Patterson Associates', Inc.
involvement with the Rocky Mountain Arsenal Installation Restoration
Program was designéd to supplement Phase I (Methods for Collection, Hand-
ling, Preservation and Storage of Water and Soil Samples, Final Report
April 1977, Patterson Associates, Inc.) and coincide with the preliminary

development of the pilot field studies to allow meaningful data acquisition

during the pilot studies.

B. Scope of Work

The scope of work originally stated to achieve the objectives of
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this study was divided into four (4) general areas and was stated as

follows:

1. Review of Literature on Environmental Fate and Analytical
Technique

A critical review of pertinent information on environmental fate

and analysis will be conducted. The review will consider information on

the potential loss of material from core soil and interstitial water
samples by volatilization, adsorption, hydrolysis, biodegradation and

other mechanisms.: The main objective of the literature review will be

to review procedures for handling core and water samples and for contam-
inant extraction. Alternative inethdds of chemical analysis will be sug-
gested where appropriate, to validate sample collection and preservation‘
pfocedures. Literature references and copies of key articles will be
provided.
2. Recommended Interim Validation Protocols
In order to expedite the validation of the sampling, handling
and preservation techniques employed in the Pilot Soil/Water Sampling
Program, protocols for analysis of core soil and interstitial water sam-
ples will be recommended. These protocols will incorporate considera-
tion of potential analytical interferences and degradation of materials.
The extent of protocols to be provided will correspond to the anticipated
Yhigh priority' contaminants requiring analysis during the Pilot Program,
as listed below:
DCPD
DIMP
Aldrin
Dieldrin

Endrin
Arsenic Compounds




Mercury and Mercury Salts
p-Chlorophenyl methyl Sulfide
p-Chlorophenyl methyl Sulfoxide
p-Chlorophenyl methyl Sulfone
In the event that analytical techniques are developed by the
Analytical Systems Committee in conjunction with the RMA MALD person-
nel on the additional contaminants tabulated below, further protocols
will be provided where possible within the time frame and budgetary
constraints of the proposed project.
Nemagon
Tetrachloroethylene
Hexachloronobornadiene
Hexachlorobutadiene
1, 4 - Dithiane
Tetrachlorobenzene
1, 4 - Thioxane
Isodrin
Trichloroethylene
Contact will be maintained with RMA MALD personnel to assure the
ability to utilize these protocols by virtue of availability of MALD
facilities, equipment and personnel. Procedures for extraction, sep-
aration, concentration and analysis operations will be referenced.
By isolating these operations, both individual component and overall
accuracies can be established. In order to incorporate boundaries on
precision and accuracy of analytical methodologies into the validation
protocols, internal MALD procedures and analytical results will be

reviewed in cooperation with MALD personnel.

3. Validation of Sampling, Handling and Preservation
Methodology.

Following the determination of valid analytical procedures, it
will be possible to validate the sampling, handling and preservation

methodology. This will be accomplished concurrent with the Pilot Soil/




Water Sampling Program. Procedures to determine the extent of sample
contamination or loss of constituents associated with field operations
will be proposed. Protocﬁls to determine influence of storage time
and storage conditions on the validity of results will be recommended.

4. Evaluation of Pilot Program Field Procedureg.

As 211 field collection of samples will be conducted on site by
RMA personnel, it is proposed to serve as reviewers of and advisers to
RMA on field techniques and to recommend modifications as indicated by
the results of the validation study. The purpose of this activity is
to assure that field techniques utilized will not adversely impact overall

program quality control requirements.

C. Scope Modification
As a result of a joint meefing between RMA-IR and MALD, Edgewood
Arsenal and Pattérson Associates, Inc. personnel on January 19/20, 1977,
eleven (11) specific compounds were designated for study in the proposed

project. These were:

DCPD . p-Chlorophenyl methyl Sulfide
DIMP p-Chlorophenyl methyl Sulfoxide
Aldrin p-Chlorophenyl methyl Sulfone
Endrin 1, 4 - Dithiane

Isodrin 1, 4 - Thioxane

Dieldrin

II. Review of Literature on Environmental Fates and Analytical
Techniques

A. Introduction. A review of the recent literature was conducted,

including chemical and analytical abstracts from 1967, for the specif-
ic compounds of interest exclusive of the chlorinated pesticides. The

selective nature of this review was agreed upon in light of extensive

work and established procedures for the soil analysis of these pesticides.

The end result of this activity was the acquisition of extremely limited




information on the specific compounds of interest (DIMP, DCPD, p-chloro-~
phenylmethyl sulfide, p-chlorophenylmethyl sulfixide, p-chlorophenymethyl
sulfone, dithiane and oxathiane (thioxane) with regard to soil and water
behavior and analysis.

Furthermore, little information regarding conipounds of similar
chemical nature upon which one could extrapolate to the compounds of
interest was found in these sources.

That information which was available resided principally in
unpublished ;';eports emmanating from contract or in-house studies under
the direction of the U.S. Army. Still, minimal attention has been direc-
ted to the chemistry and anélytical methodology for soils. Additional
in_formation has been obtained through direct commmication with U.S.
Army persomnel and their contractors. This information has confirmed
the absence of published literature, and limited information in unpub-
lished literature, some of which may be umavailable due to security
classification.

B. Results. A summary of the information obtained is presented below
for each of the compounds.

1. Diisopropylmethylphosphonate (DIMP). No new references

beyond those contained in USAMRDC Technical Report 7509, "'Problem Defi-
nition Studies on Potential Environmental Pollutants II. Physical,
Chemical, Toxicological and Biological Properties of 16 Substances," or
their branching references were located. Other information is contained
in the progress reports submitted to the U.S. Army, Fort Detrick, Maryland,
by Aerojet Ordinance and Manufacturing Company under Contract DAMD-17-75-

C-5069 by Dr. P. A. O'Donovan, personal communication with Dr. James Spigar:




of Midwest Research Institute and apparently classified documents pre-
pared by Midwest Research Institute under contract with an umidentified
sponsor.

The essence of available information is that analysis of DIMP
is without major problems and that its extraction from soils and plants
appears to yield high recoveries. Aerojet researchers have found 90%
recovery from spiked soil with a single methanol extraction. One gram
of soil is contacted directly with methanol, agitated and centrifuged
followed by &iéect solvent injection. Similar. results have been
indicated by Midwest Research Institute where other polar organic sol-
vents such as iso~propanol, acetone and methanol have been used. No
mention is made in either case regarding chloroform as the extractant,
the solvent employed by RMA for extraction of water samples. The latter
procedure has been found to yield essentially 100% recovery of DIMP at
Ppe levels (aqueous) with a volume ration of 67:1 (HZO:CHCIS).

The expected hydrolysis products, isopropylmethylphosphonic acid
(or its salt), iso-propanol and methlyphosphonic acid (or its salt) may be
of importance. While DIMP is estimated to be stable at neutral pH
(t25 = 687 years @ 10° C) this observation resulted from extrapolation of
kinetic data obtained at elevated temperatures (80° - 98°C). However,
at pH extremes, hydrolysis is significantly more rapid. No information
was available regarding possible catalysis of the hydrolysis by metals
or other constituents which may be present in the soil, ~. including
enzymatic mediation.

To delineate hydrolytic loss from other mechanisms resulting in

low DIMP recovery from soil would necessitate specific analysis for the




hydrolysis products. Communication with Midwest Research Institute
indicates that extraction with polar solvents should provide appreciable
recovery of IMP and MPA. Extraction with'MeOH:H20 (97:3) yielded 50%
recovery on a single contact with spiked soil. Repeated extraction
would likely enhance recovery. Furthermore, acidification may improve
extraction efficiency but caution should be directed toward possible
hydrolysis of IMP to MPA. MPA on the other hand would be expected to be
stable to acidic conditions.

Analysis of extracted IMP and MPA has been reported by Midwest
Research Institute to be readily achieved by sample evaporation, addition
of ether and methylation by diazomethane. It should be noted that in
éhis procedure, evaporative loss of DIMP is possible and analysis should
be conducted on an aliquot of solvent directly for DIMP. Problems with
this procedure have been noted and relate to the direct injection of the
non-velatiles onto the columm. MRI did not mention another potential
problem, failure of the method to differentiate between the IMP and MPA
species by GC.

14C methyl DIMP and DCPD are

Finally, tracer studies with
reportedly in progress at Aerojet. Greater detail is presented in the
DCPD section below.

2. Dicyclopentadiene (DCPD). No information beyond that con-

tained in USAMRDC Technical Report 7509, “Problem Definition Studies
on Potential Environmental Pollutants II. Physical, Chemical, Toxi-
logical and Biological Properties of 16 Substances,' had been found
in the published literature. The only other information relating to

those aspects of this compound is contained in the Progress Reports




submitted to the U.S. Army, Fort Detrick, Frederick, Maryland, by Aero-
jet Ordinance and Manufacturing Company under Contract DAMD-17-75-C-
5069, by Dr. P. A. O'Donovan.

Of particular note in this work are those studies pertaining to
extraction from soils and gas chromatographic analysis. Based upon the
results in reports 1953-01 (08), (15), (17), (18) MP, the following

observations have been made:

Extraction Studies. Soils spiked with 340 ppm DCPD were ex-

tracted using 1 ml of hexane per gram of soil. Recoveries of DCPD
average& 52% for 8 samples. Lower recoveries were obtained with aqueous
extractions (acidic, basic and neutral). It was reported that various

) solvents (unspecified) yielded a range of 18 to 80% of theoretical

recovery.

Evaporation Studies. Decreased amounts of DCPD were found (re-

covered) after various periods of soil exposure to the atmosphere. These

results were interpreted as indicating loss due to volatilizatiom.

Radioactive Tracing. GeneralMC labelled DCPD was introduced

(homogeneously) into soil at 20 ppm and the soil was placed into pyrex
test tubes to a depth of 4 inches. Dry air was passed over the soil
surface at 100 ml/minute and then through two solvent traps in series
(solvents unspecified) which were immersed in a dry ice/alcohol bath.
Traps were removed after 8 and 50 hours (and longer, unspecified and
assumed to be continuing at time of report). The traps and soil seg-
ments at 1 inch intervals were shipped to New England Nuclear (labelled
Acompound supplier) for extraction and 14’C activity analysis. Preliminary

results (reported in 1953-01 (19) MP, March 1977) from the Aerojet work
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have failed to yield definitive conclusions due to loss in activity be-
tween stock soil and working soil matrix. However, no further loss is
indicated under test conditions. While the contractor does not wish
to draw conclusions at this time, in the author's opinion the data are
not supportive of volatilization loss of DCPD.

\

Gas Chromatography. While the specific analysis reported demon-

strated linear relationships between DCPD and peak area, a dependency of
sensitivity ( AResponse/AConcentration) upon carrier gas flow rate
(reported a; inletspressure) was found. Lower sensitivity was found at
the lower inlet pressure. Since the flame ionization detector (FID)

used is a mass flow rate detector, its response should be essentially
independent of carrier gas flow rate. An implication is that partial
degradation or conversion of the DCPD is occurring in the system, which
would be expected to depend upon residence time. At least two causes
for this could be projected. First, the column used was metal (stain-
less steel) which could catalyze reaction of the DCPD. The RMA procedure
reported employs pyrex columns. Secondly, decomposition may occur in-
dependent of the column material, resulting from contact with the station-
ary phase. Either situation may produce an accumulation of degradation
products on thée column which may further enhance the breakdown of DCPD.
In this case, the extent of breakdown could be a function of the period
of column use and may be reversible or diminish upon period of non-use.
Decomposition due to this process could greatly contribute to irreprodu-
cibility or results e.g. apparent erratic recoveries.

3. p-Chlorophenylmethyl Sulfide, Sulfoxide, Sulfone. The

complete absence of literature on the aqueous and soil chemistry and
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analysis of environmental samples for these compounds in the published

literature was reported in personal communication by Dr. David Rosenblatt

of Fort Detrick. This confirmed our experience in searching the literature.

Dr. Rosenblatt is currently assembling an information base on the
chemical, physical, toxicological, and biological properties of these

compounds.

4. Dithiane Oxathiane (Thioxane). Our experience in searching

the literature for pertinent information on these compounds reveals an

absence of such information.

5. Related Compounds. While a significant body of literature

exists for the extraction, analysis and environmental fate of compounds
;;ontaining sulfur and phosphorus and compounds of general carbon skeleton
similarity to DCPD, it is felt that dissimilarities in the absence of
supporting information are sufficient to obviate extrapolation to compounds
under study.

By the way of example, organophosphorus pesticides are phosphate
esters rather than phosphonate esters and many of the phosphate esters
contain sulfur in place of oxygen. Similarly, where sulfide, sulfoxide
and sulfone functionality is encountered, e.g. Fenthian and its metabolites
and degradation products, the presence of other functionalitiesAprecludes
extrapolation of data for these compounds a priori to that of the compounds
of concern.

For these reasons it was deemed necessary that an interim evalua-
tion of the analytic methodologies be undertaken for each of the compounds
t:o be studied in the pilot phase of the RMA comprehensive survey for the

purpose of interim validation of sampling, handling and preservation
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methodology. This is necessary to ensure that the pilot phase of the
Interim Geohydrological Pilot Program can proceed according to the time
table established. |

The development of final protocols is underway at Edgewood
Arsenal. Interim protocols, based upon the recommendations below, are
intended to be considered in conjunction and consultation with personnel
from Edgewood Arsenal and Fort Detrick, and should be replaced where
appropriate upon validation of final protocols for the subject compounds.

Additional Literature. Other selected articles obtained in the

course of the specific literature that were deemed appropriate to the
general nature of the problem were selected and transmitted to the RMA
i;iALD personnel. A number of these articles were discussed with the ASC
at the March 3 meeting and copies provided for the members. A list of
these articles immediately follows this section.

The Environmental Protection Agency has just recently assembled

a draft volume entitled Sampling and Analysis Procedures for Survey of

Industrial Effluents for Priority Pollutants (March 1977). While not

specifically germme to the compounds of interest, this document does
contain recommended procedures for extraction, storage and emulsion
breaking that may be of value to RMA personnel.

A copy of that document is appended to this report with the

advisement that it is a preliminary document.
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I1I. Recommended Interim Validation Protocols
As a result of preliminary evaluation and subsequent meeting
with RMA, Fort Detrick, Edgewood Arsenal and other members of the Analyt
ical Systems Committee on March 2 and 3, 1977, a set of recommendations
were made and an experimental sequence was designed to develop and assess
an analytical methodology for the eleven compounds selected. This initial

recommendation is presented below.

A. Initial Reco:ﬁmendations

While assessment of mass balances using radioactively tagged
compounds would be the method of choice, such studies are not feasible
within the time frame of the project and appear to be prohibitively
éxpensive based upon the work of Dr. O'Donovan of Aerojet.

The validity of spiking soil samples to assess extraction ef-
ficiencies is of constant concern. Any procedure that does not represent
the natural uptake mechanism of a compound onto the soil is of question-
able reliability in the evaluation of solvent extraction efficiency for
recovery of soil contaminants. In spite of ‘these potential problems, some
assessment of soil extraction efficiency is necessary and the following
recommended procedures are intended to screen potentially useful extrac-
tion procedures with well-defined soils deemed likely to represent the
worst conditions likely to occur at RMA and provide some measure of the
recovery under conditions closely approximating those of actual field
samples.

There are three aspects to this study, each designed to yield

information about the potential utility of solvents to be used for
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extraction of the individual compounds from the pilot study program soil
samples. Close control of methodology and full characterization of each
phase is intended in order to provide retroactive comparison of interim
methodologies with procedures ultimately developed by Edgewood Arsenal.

Phase 1. Solvent Screening. The intent of the following pro-

cedures is to evaluate the potential loss of the individual compounds
irreversibly onto the study soils directly from extraction solvents.
While this procedure will not differentiate between irreversible binding
and compound transformation if less than 100% recovery is achieved, it
will serve as a first step in assessing solvent acceptability and will
thus diminish the effort required in the following phases.

Two separate soil types will be utilized, one of high clay
content and one of high organic content. It is felt that these two soil
types represent the worst expected conditions. The clay soil selected
should be that most likely to present difficulty in compound recovery and
should by finally selected in concert with Dr. Timofeeff and representa-
tives of the Analytical Systems Committee, especially those from Edgewood
Arsenal.

Sufficient quantities of soil should be acquired and processed to
allow complete conduct of the tests outlined under this section (III),
studies of sampling, ha:ndling and preservation methodology validation
(SectionIV) and future studies with final methodologies emmanating
from Edgewood Arsenal to allow comparison of interim procedures results
with the results of final methods. From these latter undertakings,
significant differences in the two methods can at least yield data correc-

tion factors to be applied retroactively.
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Details of specific homogenization methods to ensure uniformity
of the study soils and individual sub-sample removal procedures to ensure
representation of the whole sample in each study phase should be in har-
mony with accepted procedures and be approved by the ASC. Soil samples
are to be sieved to provide full information regarding particle size
distribution and the smallest particle size compatible with acceptable
solvent flow through soil columns should be utilized. Alternatively,
small particle sizes are to be used but blended with material of low
compound uﬁfake of sufficient size to yield manageable flow rates through
the columns.

Samples of the final soil systems should have surface area per
amit mass evaluations made. Availability of these determinations through
Edgewood Arsenal was indicated at the March 3rd ASC meeting.

For each soil, each of the following compounds:

Aldrin p-chlorophenylmethyl sulfide
Dieldrin p-chlorophenylmethyl sulfoxide
Endrin p~chlorophenylmethyl sulfone
Isodrin Dithiane

DCPD Oxathiane (Thioxane)

DIMP

will be dissolved in the solvent under study in concentration sufficient
to assure easy and reproducible analytical detection. A known volume of
the solvent/compound solution will be applied to the surface of a 5-inch
column of soil (known moisture content, to be determined separately) as

a lense. Pure solvent is then to be passed through the column at a slow
flow rate (measured) and 6 fractions of 20 ml each are to be collected
and analyzed for the individual compound by gas chromatography. A blank,

control column for each soil and solvent system should be run to evaluate
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extraction of substances from the soil that might interfer with compound
analysis.

If interfering substances are eluted, clean-up procedures must
be developed and conventional techniques could be evaluated directly on
the blank or control column eluents. A cross check of the clean-up
procedures on pure compound solutions (not applied to columns) should then
also be made to assure no compound loss through clean-up.

Rapid and essentially complete passage of the individual compounds
through the column should strongly indica.te the potential utility of
the solvent system for field soil sample extraction and be subjected to
Phase 3 studies for final evaluationm.

Tentative solvents are as follow:

Chlorinated Pesticides () hexa:ie/ acetone (1:1)
(b) chloroform/methanol (1:1)

DIMP (a) methanol
(b) chloroform
DCPD : (2) methylene chloride
(b) carbon disulfide
Sulfur Compounds (a) chloroform
(b) acetone

Phase 2. Aqueous Uptake Assessment

It is intended that spiked soil samples for direct extraction
efficiency assessment be prepared by the uptake of compound directly
from aqueous solution, thereby simulating natural uptake. Quantitation
of the individual compound loading on the study soils (those of .Phase 1

above) is fundamental to evaluation of extraction recoveries.
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To evaluate the feasibility of this method of spiking, small
scale studies for each compound for each of the soil types will be
conducted as follow:

Aqueous solutions of known concentration for each compound (near
saturation for those compounds of low solubility) will be contacted with
known weights of soil (5g soil to 250 ml of solution) for 24 hours with
agitation. Minimal head space conditions are to be maintained with
sealed flasks. After appropriate solids separation, the residual concen-
tration in the aqueous phase will be determined. High losses to the soli
phase are sought and expected for most compounds and if achieved, additio
solution contact will be made to achieve adequate loadings on the soil.

Failure to obtain significant transfer to the soil would imply
that field samples would be expected to have low uptake of the materizls
from solution (directly but not as the result of interstitial water
evaporation). Under this condition, evaporative spiking might be better
justified.

Given adequate uptake, a mechanism for spiking has been achieve
that 1likely reflects the actual field samples and allows quantitation o
the soil content of the individual compounds. Additionally, informatiorm
regarding the partitioning of the compound between the aqueous phase anc
the soil will have been obtained which will be of value in transport
assessment and modelling.

To obtain sufficient spiked soil for extraction efficiency eval
"ation, the procedures would be repeated on large volumes of soil and
solution in mechanically stirred carboys. These soil samples would als

be employed in SectionlV upon successful extraction solvent evaluation.




Phase 3. Solvent Extraction Efficiency Assessment .
Soils spiked by procedures of Phase 2 and thus of known compound
content should be drained by gravity to essentially field capacity.
Actual moisture content is to be evaluated for each saxﬁple. Known wet
weights of soil for each compound will te subjected to batch extraction
with the solvents of Phase 1 (or their replacements if not suitable) to
evaluate recovery efficiency. If efficiencies are less than 90% ad-
ditional ex;rg,ctions should be undertaken to determine if low recovery
is due to poor partitioning into the solvent or loss of the compound onto
the soil (irreversible binding or compound degradation). Up to three
batch extractions should be made (assuming satisfactory detection limits).
For repeated extractions yielding reproducible stepwise recoveries
of ~ appreciable amount but total recovery of less than 90%, soxhlet
extractions should be evaluated for enhanced recovery. .
It is to be noted that if acceptable recoveries are obtained,
actual processing of samples may be undertaken by column elution of
samples rather than batch extraction or soxhlet pending the results of the
above studies.
B. Results Based on Initial Recommendations
1. Background
The studies outlined in the initial recommendations (A. above)
had not been completed at the time of this report. In some instances,
discontinuation and/or modification of these recommendations was instituted.
Implementation of recommended interim analytical protocols required exten-
sive analytical development which has not been completed within the pro-

jected time frame of this project. A combination of factors is responsible ‘
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for this problem. These include:

(2) Manpower. Originally projected increases in MALD
staffing which were intended in part to support the methods of develop-
ment at work, did not occur. Furthermore, while MALD has not undergone
any direct manpower reduction, RMA has undergone and is continuing to
undergo a reduction in force exceeding 50% of total persomnel. Such
processes and attendent perturbations are always accompanied by reductions
in work efficiency related to personnel morale even among those not

directly affected.

(b) Priorities Establishment. Within existing manpower

availability, other activities such as analysis of routine samples for
water monitoring, Quality Control Assessment and special short term
intensive studies have been given higher priority than the Validation
Program. The large analytical load required for these projects has
limited analyses of samples for the Validation Program Studies and con-
sequently has contributed to the delay in achieving the original ob-
jectives. Other nonanalytical delays, related to man power have occurred,
including soil acquisition and processing, and have also contributed to
this delay.

Acquisition of additional staff, as originally planned, would
have allowed achievement of the original project goals without interfer-
ing with laboratory priorities, therefore problems 1 & 2 are interrelated

in their impact on the project.

(c) Analytical Difficulties. Further aggravation of the

problem in achieving the goals of the proposed Validation program and main
taining the projected timetable relates to specific difficulties in routin
analytical procedures caused by instrumentation unreliabiljties and

inadequacies. The former, potentially an interface problem between GC and




the computer system which should be resolved by the vendor. The latter, .
lack of adequate gas flow control on the flame photometric sulfur de-
tector, is being resolved by installation of constant flow controllers.

The end result of these analytical problems has been to greatly
increase the time and manpower required per analysis and therefore to
decrease the rate of attainment of the Validation results.

2. MALD Study Results

Those results from the 3 phases originally recommended are pre-
sented below in conjunction with indications as to where procedures

differed from initial experimental design.

(a) Phase 1. Solvent Screening. Only results from the clay

" soils have been received formally but verbal communication indicated
that similar behavior occurred. For the clay soil, columns of clay soil
were loaded with 60 ug/60g of the individual cbmpounds in a particular .
solvent as a lense and then flushed through the column. Fractions
collected were analyzed for the compound and mass recovery was computed.
Results of this work, as reported to the contractor, are given in
Table III-1. MALD personnel speculate that low recoveries for some of
the chlorinated pesticides relate to analytical interferences since the
collected solvent had not been subjected to clean up procedures prior to
analysis. Additional comment relative to the high recoveries suggested
solvent evaporation during sample collection as a concentration factor
leading to slightly high values.

MALD has indicated that clean up procedures are to be inves-
4tigated for All compounds to be extracted from soils.

Based upon preliminary results in clay soil and heavy analytical .

demands, further solvent screening was not conducted.
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TABLE III-1. COMPOUND RECOVERIES FROM CLAY SOIL COLUMNS.
Compound Solvent % Recovered

Aldrin Hexane/Acetone 52
Isodrin Hexane/Acetone - 94
Dieldrin Hexane/Acetone 72
Endrin Hexane/Acetone >100
DIMP Chloroform 104
DCPD Methylene Chloride 113
Thioxane Chloroform 97
' Dithiane Chloroform 106
p-Chlorophenyl methyl Sulfide Chloroform 110
p~Chlorophenyl methyl Sulfoxide Chloroform 102
p-Chlorophenyl methyl Solfone Chloroform 103

Compound loadings were lyg per gram of soil in the column.
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(b) Phase 2. Aqueous Uptake Assessment. Rather than

work individually with the eleven compounds, MALD elected to work
directly with the Carboy scale and all eleven compounds combined.

For preparation of the spiked water, excess quantities of
each compound were added to 19 liters of distilled water and the system
was then stirred for 24 hours. Gravity filtration and compound analysis
by established water analysis procedures yielded the results in Table
I1I-2, (first column). Duplicate analyses were performed.

Two soil samples, (1 organic & 1 clay), were contacted with an 8-
liter portion of the aqueous solution for 24 hours and the aqueous phase
was analyzed after gravity separation of the suspended soil. These
results are also given in Table III-2. | .

Significant uptakes of the chlorinated pesticides by both soils
is indicated. Little uptake of DIMP was observed. Similar observations
apply to thioxane on both soils and dithiane on clay.

While high uptake of p-chlorophenyl methyl sulfide is indicated
upon initial examination, low uptakes of the sulfone and sulfoxide in

most cases and much greater than 100% recovery from solution in one

case suggest oxidation is occurring in solution or at the soil surface.

Additional study was implemented for these compounds.

Following similar procedures, the individual compounds were
spiked in aqueous solution yielding concentrations of 84.5, 102.7 and
105.0 1g/1 respectively for the sulfide, sulfoxide and sulfone. Contact
with soil at 31.25 g/l distilled water (125g/4 liter for sulfide, 25g/
800 ml for sulfoxide and sulfone) for 24 hours has been conducted. No
data have been supplied.

The existing data indicate first that adsorption from aqueous
solution is not likely to be an effective spiking procedure for the

sulfoxide and the sulfone.
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TABLE III-2. SOIL SPIKING EXPERIMENTAL RESULTS.
(All concentrations in wg/l1).
Water Concentration After
Contact with Soil.
Initial Water
Concentrations Clay Organi
Compound Raw Avg. Raw Avg. Raw Avg.
Aldrin 4.57 5.28 N.D. N.D. 1.17 1.39
5.98 1.56
Isodrin 3.18 3.32 0.42 0.42 1.24 1.32
' 3.45 0.43 1.39
Dieldrin 6.77 6.74 2.05 2.10 - N.D. N.D.
6.70 2.14
Endrin 11.3 11.6 3.54 3.56 N.D. N.D.
- 11.9 3.59
DIMP 105 106 103 99.5 97.1 103
107 96.0 110
DCPD 60.3 65.7 Concentrations too low to
71.1 allow reproducible results.
1,4-Thioxane 126 126 109 107 106 107
127 105 108
1,4-Dithiane 95 95 72 76 55 55
95 g5 80 55
p-chlorophenyl 106 106 26 27 “N.D. N.D.
methyl sulfide 107 28
p-chlorophenyl 117 118 115 114 153 154
methyl solfoxide 118 114 156
p-chlorophenyl 111 111 108 111 103 105
methyl sulfone 111 114 107
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While initial examination of the sulfide behavior would sug-
gest that effective spiking was achieved, other evidence (phase 3)
indicates that the compound is converted to the sulfoxide and/or

sulfone in solution.

(¢) Phase 3. Solvent Extraction Efficiency Assessment.

The original 11 compound '"spiked soil" was subjected to initial recovery
studies. These data are summarized in Table III-3. At the time of
report preparation, exact details of the extraction procedures had not
been supplied for this table. However, because of the phase 2 results
and problems associated therewith, the results in Table III-3 are of
diminished importance at this time. Especially since there are clear

" indications of interferences in the analytical procedure for chlorinated
organics with the organic soils and general recovery problems with all
of the sulfur containing compounds.

(d) Additional Studies. Attempts to develop a single soil

extraction solvent for all compound analyses using chloroform with sub-
sequent azeotope distillation with a suitable alkane were attempted.
Results for standard water samples containing only the chlorinated
pesticides are presented in Tables III-4 and III-5. These results would
tend to favor use of dual extraction, expecially if the polytron
method to be mentioned below proves effective. The azeotrope doeé not
seem to sufficiently eliminate the chloroform to the point of not‘

interfering with the electron capture detector.

C. Additional Recommendations

Based on results obtained to date for the development of Interim

Validation Protocols, the following are recommended.
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TABLE III-4 AZEOTROPE DISTILLATION STUDIES WITH HEXANE.

AVG ng/ml % recovery

Sample Al area conc. based on Std.
Aldrin 256481 427 90.1
Isodrin 115270 209 38.8
Dieldrin 232868 418 81.5
Endrin 94227 309 61.7
Sample A2

Aldrin 238908 398 84.0
Isodrin 101909 185 34.3
Dieldrin 196378 359 70.0
Endrin 95146 311 62.1
Sample A3

Aldrin 240379 401 84.7
Isodrin 121350 220 40.9
Dieldrin 208681 379 73.9
Endrin 107870 346 69.1

28

average area of CHC13 in samples was 3x10

7
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TABLE III-5 AZEOTROPE DISTILLATION STUDIES WITH ISO-OCTANE

AVG % recovery
Samp;e HS-?OO' - area Conc. ng/ml based on HS-700
Aldrin 298552 461
Isodrin 274182 461
Dieldril; | 269956 458
Endrin 131830 453
Sample H1-700
Aldrin 233278 360 78.1 B
Isodrin 215616 362 78.5
Dieldrin 204976 348 76.0
Endrin 101774 349 77.0
Sample H2-700
Aldrin 237393 367 79.6
Isodrin 219153 368 79.8
Dieldrin 207760 353 77.1

360 79.5

Endrin 104800

CHCl3 present in the extracts.
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1. 1In light of the previously discussed low uptake from .
aqueous solution of compounds by soil and the attendant uncertainty
in the loading of these compounds on soil, the percent extraction
recovery as determined by MALD is subject to a large propagated error.
Consequently, although it is not the most desireable methodology,
it is recommended that direct spiking of soil be accomplished by ad-
dition of compound(s) in a suitable organic solvent. Subsequent
extraction of such soil samples will provide a value for the maximum
extraction efficiency. These spiking studies should utilize both wet
and dry soil samples as indicated in Reference 8 of Section II, page 12,
Based on results of comparative Soxhlet and Polytron extraction efficiency,
the use of the polytron is recommended. Data from these studies can be
compared with those which have been obtained on the samples for which the
compounds had been supplied from aqueous solution. .

2. Based on the results of the analysis of soil samples, in
particular tﬁose for pesticides in which there were apparent recoveries
in excess of 100%, it is recommended that clean-up procedures be adopted.
A primary reason for such clean-up is the removal of interfering com-
- pounds from the sample. In the development of clean-up procedures, the
recovery of the compounds to be analyzed must be determined to validate
the appropriateness .of the cleanup procedure. Another important reason
for the utilization of clean-up procedures is the reduction of possible
degradation or reaction of the compounds of interest in the inlet or on
the column due to catalysis by or reaction with other compounds. To
establish the significance of such reaction in the absence of clean-up

and their elimination by appropriate clean-up measures, it is recommended .
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that analysis of extracts and of extracts which have been spiked with a
known amount of compound be conducted. If the analytical sensitivity
(slope of calibration curve or response factor) is found to be the same
for spiked samples as it is for standards, this is indicative that no
interference has been encountered. Finally, if an appropriate internal
standard can be found, its use in the analytical procedure should be
adopted. An appropriate internal standard 1S a compound of similar
physicochemical characteristics to the analytes but which is absent in
the environﬁental samples. It must produce a umique chromotographic
peak. The internal standard should be added to the soil sample prior
to extraction. |

These comments apply particularly to fhe sulfur species but
cannot be overlooked for DIMP.

3. Conflicting experiences by RMA-MALD and Aerojet personnel
as to the stability of DCPD ammended soils and solutions and the pre-
liminary results of this study with regard to uptake of DCPD by soil and
its subsequent recovery from the soil casts doﬁbt on the meaningfulness
of DCPD analyses on soils. Until such time as adequate methodology has
been developed it is recommended that analysis of DCPD in soil not be
conducted.

4. If clean up procedures and standards additions do not
resolve the recovery problems with the sulfur compounds, the p-chloro-
phenyl methyl compounds should be reported as a lumped value in weight of
sulfur.  For the Thioxane and Dithiane, if low recoveries can not be

attributed to analytical interferences, the current time limitations




preclude further developmental work. Values determined with existing .
methodology will simply have to be recorded for the pilot study with
future reevaluation based on final methods development from Edgewood

Arsenal.

5. Evaluation of the polytron system should be made with the spiked
soils since this system will be essential to sample processing re-

quirements in light of section IV recommendations.
IV. Validation of Sampling, Handling and Preservation Methodology

A. Initial Recommendations

Subsequent to establishing the required extraction, clean-up
“and analysis interim protocols as described above, Section B, these
protocols will be used in the validation of sampling, handling and .
preservation methods for the Pilot Soil/Water Sampling Program. Of
paramount importance is the determination of the time course for recovery
of compounds from stored soil samples. Both spiked soil samples and
homogenized core sample horizons should be studied. Storage periods
of up to 90 days, under refrigerated and ambient temperature conditions
should be used and fractions of the soils should be taken for extrac-
tion and analysis after 1, 3, 7, 14, 28, 60 and 90 days. The samples
should be stored in sealed containers. In addition, samples should be

stored in trays to evaluate the effect of maximum atmospheric exposure.

B. Final Recommendations

In light of problems discussed in the previous section, the
recommendations of A above cannot be accomplished. Therefore, it is .

recommended that immediate extraction of soil samples be practiced,




comeensurate with EPA recommendations. Solvent solutions after
extraction should be stored at -15°C until analysis can be
accomplished.

Quite clearly, this will necessitate that the rate of drilling
in the study be regulated by MALD's ability to vprocess samples through
the extraction stage. While not desireable, in the absence of information
to the contrary, the soil cores must be assumed to be unstable with

respect to the compounds of interest.
V. Evaluation of Pilot Program Field Procedures

In light of program delays and failure of the original time
-table relative to interim methods development, activity in this task
could not be addressed even after a 60 day extention of the original

contract duration, as no cores had been drilled to that time.
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e

S : - These guidelines for sampling and analysis of industrial wastes ..

have ‘been prepared by the staff of the Environmental Monitoring and
Support Laboratory, at the request of the Effluent Guidelines Divisién,
Office of lWater and Hazardous Wastes, and with the cooperation of the
Environmental Research Laboratory, ghens,'Georgia. The proceduras
fepresent the current state-of-the-art but improvements are anticipated
. as more experience with a wide variety of industrial wastes is obtained.
" ‘Users=of these methods are encouraged to:identify problems-encountered and
@$sist in updating the test procedures by contacting the Environmental

Monitoring and Support Leboratory, EPA, Cincinnati, Ohio 45268.




Collection of Samnles

Collection of Composite Samples for Liguid-~Liguid Extraction

Collect a 72 hour composite samplé. The maximum time
interval between aiiquot samples shall be no longer than 30.
minutes. The minimum aliquot size shall be 50 ml. The
sample must be colle;ted with an automatic sampler using

the eguipment and methcds outlined below. Minimum composite

volums must be 2 1/2 gallons.

Autcmatic Samole Collection

Sampler - A peristaltic pump automatic sampler with
timer and a single -glass compositing Jug is reguired. The
21/2 - 3 gallon compqsit;ng'bqttle must be glass and cleaned
as ou£iined below. Néw unused tubing must be used for tﬁe
sampling lins and for the pump for each individual ouifall
or sample location. Vacuum type automatic samplers may be
used provided that the sample chambers are glass and that
éhey are cleaned after every use és outlined for glass com-
posite containers. For raw discharges,‘the vélocities in
the sample line should approach 2 feet pér second. Place
ghe sampler or composite samplelcontainer in.an insulated

chest and ice. Maintain the samwple 2t £°C during the com-

positing procedure. At the comnletion of the compositing

[&J]

period seal the 2 1/2 - 3 gallon compositing container with
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a teflon lined cap. Place the compositing container

in an insulated shipping containsr, ice, and seal according - . .
to chain of custody procedures, then ship to the analytical

laboratory.. Maintain at 4°C during transport and storage
prior to amalysis. =~ -t T i s - Coen L
When more than one laboratory is involved in the analysis
of the various parameters, the sample should be divided in
the'field'.- For purposes of this survey, divide the composite
sample into thres parts: oné ifor metals analysis, one for
pesticide analysis, and one for GC/MS compound survey..
| Directions for the Field Division of the Composite Sample -
Blend the composite sample to provide a homogeneous'mixture
including a representative su.spension qf any solids in the
“c'on'ta.iﬁer: No specifit method ‘i's requiread, 'hand_éti;ring - .
with clean élass or Teflon rods, mechanical paddles or magneiic
mixing with Teflon coated stirring bars may be used. Metal ,
mixing devices may not be used. .
Metals - Withdraw a well blendel aliquot of the composite
sample. Using a glass funnel, rinse the sample container
with 2 small portion of the sample, then transfer l-liter of
sample to the bottle. Preserve with 1 ml of concentrated
ﬁ»’.tric acid. Seal and prepare'for shipment as describ=é akove

Pesticides - Withdraw three liters of well-blended

sample, then using a glass funnel transfer the sample to a

narrow mouth one-gallon glass bottle that has beesn preparcd .
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in-the same m%nner as the composite sample containcr. Seal
-with 2 -Teflon lined cap and prepare for shipment as described
above. |
GC/MS Sample - Seal the remaining saﬁple in the composite
container or other appropriate size glass bottle and prepare

/
for shipment as described above.

Field Blank Procedure for Automatic Samplers

Blank Water - Blank water must bz as free from organic
interfierences as possible. The analytical laboratbry should
supply this water in bulk glass containers (minimum of five ii1
for field use. The.supplying”laboratory shall analyze the
blank water to determine the organic background that ﬁay be
presenc. ‘

Procecdure - All tubing and other parts of the sampling
system must be scrubbed with hot detergent water and thorough
rinsed with tap water and blank water prior to us=s. Further
rinsing with interference free acetone and methylene chloride
is advised when tubing and ctheriparts permit, i.e., are not
susceptible to dissolution by the solvent. [Note: Tygon
plastic tubing is a source of phthalate ester contamination.
Vhere its use is reguired, i.e.; in the peristaltic-pump,
the length must be keot as short as possible. Teflon is
acceptable and may be used in other parts of the sampling

system as reguired. Cut the sampler tubing to length at
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the laboratory, but do not install on the eguipment. In-the
. -+field, .pump two liters of blank water through the sampling - . .
line and pump tubing and discard. Then pump three liters
of blank water through the system and collect as a blank
..--.-in a .l-gallon sample bottle.that has been prepared as described
below. Seal the bottle with a Teflon lined cap. Immadiately
ice the blank (4°C).and maintain at (4°C) during transport

and storage prior to analysis.

) "Composite Container - Prepa-re narrow-mouth 3 -gallon. :

glass sample bottles for use by .washing vith hot detergént

water and thoroughly rinsing yvith tap water and blank \:r'ater.

Heat the bottles at 400°C in a muffle-furnace or dry heat

sterilizer for 30 minutes or alternatively, rinse with inter- .
.>.7 - ference free acatone and methylene chloride and air dry at ._

room temperature protected from atmospheric or other sources

of contamination. Caps for the bottles mist be lined with

Teflon which has been solvent rinsed as above.

2. Collection of Grab Samnles

\

Collect grab samples (a2 minimum of one per day) for the
analysis of phenol, cyanide, mercury and volatile organics
(purgable). Collect samples from the raw process discharge,
the treated effluent, and the treated effluent after chlorin-
ation, when chlorination is practiced. t is recommended

that the samples be collected from mid-channel at mid-~depth. .
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- . " Samples-should bz collected at a turbulent, well mixed

. section of the channel.

Cyanide (Total) . : Lo

. .Contzinar - Use new one-liter plastic bottles that
will not contaminate the sample. Wash the bottles and caps
with hot €etergent water and thoroughly rinse with tap water

and blank water.
Collect a l-liter sample.

Preservation - At the time of collection, add 2 ml
of 10 N sodium hydroxide per liter (pHE <12). Oxidizing agent
. . such as chlorine decompose most of the cyanides. Test a dror
“ -.0f the sample at the times of collection with pota’ssiuz;x iodid:
starch test paper (KI—starc;_;;;sr); a blue.. c.:olor'i;:z.c"iicates
the need for treatment. Add ascorbic acid, a few crystals
at a time, until a drop of the sample produces no color on
" the indicator paper. Then .add an additieeal 0.6 g of ascorbi
acid for each liter of sample volume.
Seal the sample bottles and place in an insulated
chest and ice (4°). Seal the chest and ship to the analytic

laboratory. Maintain at 4°C during transport and storage

(out of light) prior to analysis.

. ' Mercury

Containz2r ~ Use new l-liter plastic bottles clzaned




befors use as described in “"Methods for Chemical Analysis

4 (se=

~}

- of.Water andé Vastes," paragraph 4.1, page 81, 18

d
O
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Rinse the bottle with a £ sample

Appendix IV).

prior to filling with sample.
Collect a one-liter sample.

P;eservation'- 2t time of collection, acidify the sample
by addition of redistilled, concentrated nitric acid (5 ml/1).
After acid addition, mix and check pH with pH paper having a
range of 1 to 12.. If pH is not 2 or below, add more acid
until pE 2 is reached. The volume of additional acid should
be noted on the sample tag. (Maximum‘holding time under
these conditions is six months.) Seal the sample bottles,

place in shipping container;-seal-and ship to the analytical

laboratory.

Phenols

Container - Use new one-liter glass bottles. Wash the

bottle and Teflon cap liner with hot detergent water and

thoroughly rinse with tap water and blank water.

Collect a 1l-liter sample.

Preservation - At time of collection, acidify the
sample by addition of phosphoric acid oxr sulfuric to pH 4.

Noite volume of acid added on sample tzg. Seal bottle, place

.in insulated chest and ice (4°C). Scal chest and ship to




&nalytical laboratory. Xzintain zt 4°C during transpovrt -
s
-and storage (out oI light) prior to analysis. R Y ST

Volatile Organics {(Purge and Trao Method).

ontainers - Use 45 ml screw cap glass vials with Teflon
/
s

\
0

faced silicone septa:

(2)

Vials ~ Pierce $13074 or equivalent

Septa(a) - Pierce £12722 o eguivalent

" o= Yash %he bottles, septa,-and caps with hot -detergent - .

" ““Yatér axwid thoroughly rinse-with tap water and blank water. -

Heat the bottles and septa at 105°C for one hour, cool to
room tempsrature in an enclosed contaminant free area.

When cool, seal bottles with septa (Teflon side down) and

“gcrev- cap. Maintain the bottles in this condition until just

prior toifilling with blank water or sample.

Collect duplicate 45 ml samples each time samples are
céllected, i.e., once during each day for three days. Two
blank water samples, sealed in 45 ml vials, are to accompany
the sampl? bottles during shipment to and from the sampling
site. If preservation is to be used, collect four samplesdur
each sampling period. Two should be preserved and two not

preserved. Two preserved and two non-preserved blanks are

+o ke provided.

(a) Available fron Pierce, Inc., Box 117, Rockiord, IL 611G5
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" Fiiling and Ssaling Dottles -~ Slowly £il11 each contain
~* tooverflowing. Carefully 'sct~the container on a level - - .
. . surface. Place the septum (Teflon side down) on the ccnvex

sample meniscus. Seal the sample with the screw cap. To

e . :ainsure that. the sample has been-properly sealed, invert: = i~

i -sample; and reseal. The sample must remain hermetically-

the sample and lightly tap the 1lid on a s0lid surface. Tha
absence of entrapped air bubbles indicates a proper seal..

If zir bubbles are present, open the bottle, add additional

‘“gsealed until it is analyzed.

Preservation - Preservative (sodium thiosulfate or

-

sodium bisulfite) is used .to stabilize samples containing
residual chlorine. The production of chloroform and other .
~“haloforms continues in such samples if they are noit stabilized
Waste streams that have been tréated with chlorine should be
tested on site to determine whetler or not preservative is
- needed. II preservation is reguired, collect both preserved
and n.o.n-preserved samples. Wrap the samples with water proof
packing material,A, place in an insulatdd ‘chest and ice at £°C.

Maintain at 4°C durirg transport ard storage prior to analysis.

Identification of Samples

211l samples and blanks must be carefully identified
using water proof labels and waterproof ink. 1Include the

following information cn thz lzhel: sample number, date and .




+o0 source and

hour  of..sampling, complete information as

1
. he L. > - > - " ST ‘F .
- ¢- . ..sampling point, Pre ~rvative added, if any, and nzmz ot p

o}
(0]

to

collecting the sample (include address and/or phone number).

wr
Al
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Volatile Organics {(Purge and Travd iothod)

Scopse
This metlod is designed to determine those "unambiguous
priority polluvtants”, associated with'thé Consent Decree,
that are amenable to the purge and trap method. vThese.com-
pounds are listed in Table I of this section. It is a gas
chromatographic/mass spectromatric method intended for quali—‘
-tative and semi-guantitative determination of these compounds
during Lhe,su*voy phase of the industrial effluent study.
Certain compounds, acrolein and acrylonitrile, are not
efficiently recovered by thisumethod and should be determined
bj direct agueous injection gas chromatography. Direct aguecou
injection GC is recommended for all compounds that exceed

1000 ug/1.

Special Apparatus and Materials

Sample extraction apparatus (minimum requirements):
5-ml glass syringés with Luer~Lok - 3 e ach
2-way syringe valves (Teilon or Kel-F) - 3 each
8 inéh, 20 gaﬁge syringe needle - 2 each
5-ml glass, gas-tight syringe, pressure—lok(a)

or eguivalent - i each
Tekmar Liguid Sample Concentrator, model LSC-1

(b)

or eguivalent .. Inclides a sorbent trap

- (a)

Available from Preci
Baton Rouge, La 70

[¢5] L’)

(b) ilable from Tekm:
incinnati, 03 4

va
"
~r




packed with 4 inches of Tenax-GC {60/80 mesh)
and 2 inches of Davison Type-15 silica gel

(35/60 mesh).

S/

Gas Chromatographic Column Materizls

' taiﬁless steel tubing 1/8 in. 0.D. (0.09 to 0.105 in.
I.D.). Carbopack C-(60/80 mesh) coated with 0.2% Carbowax
1500. Supelco stock No. I—ISZGKC)Chromosorb—w (60-80 mesh)

coated with 3% Caxbowax 1500.

Procsdure
- Preparation of Standards --Prepare standard stock e .

solutions (approximately 2 pg/ul) by adding, from a 100 pl
syringe, 1 to 2 drops of the 9%+% pure reference standard

to methanol (9.8 ml) contained in a tared 10 ml volumstric
flask (weighed to nearest 0.1 mg). BAdd thes compound so that
the two drops fall into the glmﬁnl anéd do not contact the
neck of the flask. Use the weight gain to calculaté the
concentration of the standard. Prepare gaseous standards,
i.e., vinyl chloride, in a2 similar manner using 2 5 ml valved
gas-tight syringe with a 2 in. needle. Fill the syringe

(5.0 ml) with the gas=ous compound. Weight the 10 ml wvelu-

metric flask contazining 9.8 ml of me thyl alcohol. Lower .
-the svyringe nzedle to about 5 mm 2bove the methvl zlcohol
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meniscus.” Slowly inject the starndard into the flask. The
‘gaé*&dpidly dissolves in tie-methyl aiconiol. Rewzigh the
flask, dilute to volume, nmix, tightly stopper, and store in
a freezer. Such standards are generally'stable for at least
one week vhen maintained zt less than 0°C. Stock standards

of compounds which boil azbove room temperature are generally

stable for at least Ffour weeks when stored at 4°C.

[Safety Caution: Because of the toxuicity of most organo-
"halides, primary dilutions must be prepared in a hood. Furthe
it is advisable to use an approved respirator when handling

high concentration of such materials.]

From the primary dilution prepare a secondary dilution
‘mixture in methyl alcohol so-that 20.02p1 of the stancdard,.
diluted to 100.0 ml in organic fres water, will give a standar
which produces a response close to that of the unknown. BAlso
pfeparg a complex test mixture at a concentration of 100 ng/u
containing each of the comrounds to be determined. Prepare
a 20 ng/l quality check sample froﬁ the 100 ng/ul standard by

dosing 20.0 ul into 100.0 ml of organid‘free water.

Internal Standard Dosing Solution - From stock standard

solutions prepared as above, adé a volume to give 1000 ug eac

P

of bromochloromethane, 2-bromo-l-chloropropane, and 1,
dichlorobutane to 45 ml of organic free {(blank water) contair

in a2 50 ml volumetric flask, mix and dilute to voliume. Prep




a fresh internal standard on a wea2kly basis. Dosze the iatzrnal

analyzed.

Preliminary Treatment of Sample - Remove samples from
cold storagz (approximately an hour prior to analysis) and
bring to room termperature by placing in a warm water bath

at 20—25°C.

Purging and Trapping Proﬁedure - Adjust the helium purge
gas flow to 40 ml/min. Set the Tekmar 2-way valve to the
purge position and open the purging device inlet. Remove
the plung.rs from two 5-ml syringes and attach a closed 2-way
syringe valve to each. Open the samplg bottle anéd carefully ‘
Pour the” sample into one of the syringes until it overflows.:
Replace the syriﬁge'plunger and compress the sample. Open
the- syringe valve and vent.any residual z2ir while carefully_m
adjusting the volume to 5.0 ml. Then close the valve. Fill
the second syringe in an identical manner £rom the same
sample bottle. Use the second syringe for a duplicate analysi:
as n=zeded. Open the syringe valve and introduce 5.0 ul of
the internal standard mixture through tpe valwe bore, then
6lose the valve. Attach the 8§ inch needle to the syringe
valwe and inject the sample into the purging device. Seal
the purging device and purge the sample for 12 minutes. The

purc2d organics are sorbed on the Tenax-silica gel trap at .

"room temparature (20-25°Cj.




(8} ]

‘VWinile the sample is being purged, cool thes gas chromato-

-+ egraphic’ ©@lumn oven to near room tomperature (20-30°C).- To
- do this, turn heater off and copeil column oven door. . - )

at the completion of the 12 minute purge time, injec
-the sample into the gas chromatograph by turning. the.valve
V4
to the desorb position. Hold in this position for_four minut
while rapidly heating the trap oven to 180°C, then return the
valve to the purge position, close the GC column oven door,
-and rapidly heat the GC oven to 60°C. Hold at 60°C for
four minutes, then program at 8°/minute to 170°C and ‘hold- -~
until all compounds have eluted. Bzgin collecting GC/MS
data as soon as the GC/MS vacuum system has stabilized (<10~

torr).

Tauit. . While the sample is being chromatographed, flush the - -

purging device with two 5-ml volumes of organic fres water.
Then bake cut the "trap to minimize the amount of water descri
into the GC/MS system during the suéceeding injection step.
[Note: If this bake out step is omitted, the amount of wate:
entering the GC/MS system will progressively increase causine

deterioration oi and potential shut down of the system.]

GC/MS Determination - The analytical conditions for
determination of the volatile miority pollutants amenable
to purge and trap, using the Tekmar LSC-1 and the comput:

ized Finnigan 1015 GC/MS are given below:




Purge gas = Helium, high purity greade R R .
Purgs time - 12 minutes
Purge flow - 40 ml/min.
ST 'I";:ap dimensions - 1/8 in. -0.D. (0.09 to-0.105 in. I.D.) -
e
x 6 in. long
Trap sorbent ~ Tenax-GC 60/80 mesh (4 in.) plus Type 15
éilica gel (35/60 mesh)
Desorp'ti'on flow - 20 ml/min.
Desorption time - 4 min.

Desorption temperature - 180°C

- S
1

Gzs Chromatogravhis Pzramesters

Column - Stainless stesl, § ft. lohgx 1/8 in. 0.D. .
ettt T (0009 to 0.105 in. I.D.) packed with Carbopack C ;.
T E (60/80 mesh) coated with 0.2% Carbowax 1500, pre- ..
ceded by a 1 ft. x 1/8 in. 0.D. (0.09 to 0.105 in.

I.D.) packed with Chromosorb-W coated with 3%

Carbowax 1500.
Carrier gas - Helium at 33 ml/min.

Oven temperature - Room temperature during trap desorption,
then rapidly heat to 60°C, hold at 60° C for four minutes, then
program to 170°C at & °/minute. Hold at 170°C for 12 minutes

or until all compounds havs eluted.




Data System - System Industries Systcm 120
Separator - glass jet

Electron energy - 70 ev

Emission current -~ 500 ua

Ion energy - 6 volts

Lens voltage - (-)100 volts‘

Extractor voltage - 8 volts

Mass range - 20-27, 33-260 amu

" Integration time/amu - 17 milliseconds

Samples/amu - 1 .

Gas Chromatographic Column Conditioning Procedure -

-

. "Attach ‘the Carbowax }500-Chromosordb end of the column to the

inlet system of the gas clramatograph. Do not, at this time,

-.attach .the column exit to the detector. &adjust the helium

flow rate through the column to 33 ml/minute. Allow the
column to flush with helium for ten minutes at room temperat
then program the oven from room temperature to 180 °C at
4°/minute. Maintain the oven at 190°C overnight (16 hours).
Handle the column with extreme care once it has been
conditioned because the Carbopack is fragile and easily fract
Once fractured, active sites are exposed resulting in poor
peak geometry (lcss of theoretical plates). Reconditioning

, generally, revitalizes the analytical column.

Once properly conditioned, the precolumn may be removed.




o

The retention catz listed in Table I was collected with

< -- - Quality Assurance - The analysis of blanks is most - ..

~the precolumn in th=s systen.

impcrtant in the purge and trap techn'ique since the purging
device and the trap can .be contaminated by residues from very
concentrated samples or by vapors in the laboratory. Prepare
blanks by filling a sample bottle with lo#—organic wa‘ter
(blank water) that has been prepared by passing distilled ..
water througi‘: a pretested activated carbon colummn. Blanks
shouid be sealed, stored at 4°C, and ‘ar.xalyzed with each group
of samples.

After each sample analysis, thor'oughly,' £lush the purging

device with blank water and bake out the system. Subseguently, .

.o.ranalyze:.a.sample blank (one.:that has been transported-to and

c een a e

.. .from the .sampling site). II.positive ir_lterferences are noted,
analyze a fresh laboratory sample of blank water. If positive
.inte.rference still occurs, repeat the laboratory blank
analysis. If interference persists, dismantle the system,
thoroughly, clean all parts that the sample comes into contact

with and replace or repack the sorbent txep and change’

carrier gas.

Precision - Determine the precision of the method by
dosing blank water with the compounds selected as internal

standards - bromochloromethane, 2-brcmo-l-chloropropane,




Lt ~times over the range of the Consent Decree compounds and

_9 -—

"and 1, 4-dichloromethane - and running repliccte analyses.

- -

. ~: These: compounds represent-early, middle, and lats retention

-

are not, themsslves, included on the list. Construct

txr 0L - Quality Control charts from -the data obtained according ta.

directions in Appendix VI.*

- ~ . The sample matrix can affect the purging efficiencies

of individual compounds, therefore, each sample must be
.@osed with the internal standards and analyzed in a manner
..~ identical to the internal standards in blank water.- When -the
results of the dosed sample analyses show a deviation greater
than two sigma, repeat the dosed sample analysis. If the

deviation is again greater than two sigma, dose another

. ~. zieliguot of the same smmple. with the compounds of 'interest~.: oo

at epproximately two times the measured values and analyze.
- - .o anoCalculate the recovery for the individual compounds .using o

these data. *

" Calibration of the cas ¢hromatography—mass spectrometry
{GC-MS) systém - Evaluate the system performance each day
that it is to be used for the analysis of sampies or bianks.
Inject a sample of 20 nanograms of decafluorotriphenyl-

d - . .
(d) and plot the mass spectrum. The criteriain

phosphine
Appendix IXI must be met and all plots from the performance

evaluation, documented and retained as proof of valid
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performance for these compounds.

.
-

T . 5 Qualitative .and Quantitative Determination - The L. .
- h-characteristic masses or mass, ranges iisted in Table II. .
.- of this section are used for gqualitative and guantitative
detarmination of volatile priority polldtants. They are

-+ ~- ..—...-used to obtain an extracted ion current proflle (EICP)(??

for each compound. For very low concentrations, the same
mass2s may be used for selected ion monitoring (SIM)(f). The
primary ions to be used to guantify each compoﬁnd are also
oo o ilisted. “If the sample produces an interference for the primaz
B ion, use a secondary ion to guantify. o T aeTTITov
Qua tify samples by comparing the response of the unknowr
inr a sample to that of a standard. When positive responses

are observed, prepare and analyze a reference standard so .

..~ .1 “that the standard response. closely approximates the sample. :

response. Calculate the concentration in the sample as follow

(Response for unknown)

(Response for standard)

Concentration of standard (ug/l)
\EG

g/l of unknown

5. Reporting of Data
Repaxrt all results to two significant figures or to

the nearest 10 pg/l. Report internal standard data to two

significant figures. 3

(e) EICP is the reduction of mass spectromatric data
acguired by continuous, repetitive mecasurement of
spectra by plotting the change in relative abundance
of one or several ions as a function of time. .

(£) SIM is the use of a2 mass spectrometer as a substance
selective detector by rmaour¢ng the mass spectrometric
response at one or several characteristic masses
in real tine.




6.

zo.ragnatic tape as describzd under: reporiing o

h

o))

ata inm:--

method ior."Se@ivolatile Organics by Liquid-Liquid Extraction.
Report all duality control (QC)'daté.along with the

analvtical results for the samples.. In addition, forward . .

all QC cdata to EMSL, Cincinnati.

Direct Agueous Injection Gas Chromatogranhy

as noted in the Scope, Rcrolein and acrylonitrile
shouvld be analyzed by direct agueous injection gas chromatog-

raphy. References to these methods are given in Appendix VII.

-~ The detection level for these methods is 0.1 mg/l and -above:




Elution Order of Volatile Priority Pollutan

ACIECICI I

Compounz

chloromathane

““dichlorodifluoromesthane

bromomethane
vinyl chloride

chloroethane

. methylene chlorids

trichlorofluoromethane
1,1-dichlorosthylene
bromochloromethane(1S)

1,1-dichloroesthane

trans-1,2-dichloroethylene

chloroform
1,2-dichloroethane
1,},1-trichloroethane
carbon tetrachloride
bromodichloromethane
1,2-dichloropropane

trans-1,3-dichloropropene

~trichloroethylene

dibromochloromethane
cis-1,3-dichloropropene
1,1,2-trichloroethane
benzene
2-bromo-l-chloroethane(IS)
bromoform
1,1,2,2-tetrachloroethene
1,1,2,2-tetrachlorocthane

1,4-dichlorobutana(IS)

able I

pr7P)

0.152
0.172
0.181
0.186
0.204
0.292
0.372
0.380
0.457
0.469
0.493
0.557
0.600
0.672

0.684 -

0.750
0.818
0.847
0.867
0.931
6.913
0.913
0.937
1.000
1.115
1.262
1.281

1.312

Mo

Recovery
(pcrcent)

no

thod

91
0
85
101
90
76
96
97
88
89
92
95
98
94
87
92
92
980
g9
87
83
88
data
92
71

tS(a)

Modified
Method
Recovery
(pereent)

100 -

(c)




Modificd
Method tethod
' Recovery Recovery ., |
Compound ey (P) (percent) {percent) ()
toluene 1.341 no data LT
chlorobenzene 1.489 89
ethylbenzene 1.814 no data
acrolein’ unknown 12 74
) acrylonitrile unknown - no data

(2) These data were obtained under the following conditions: GC
column - stainless steel, 8 ft. long x 0.1 in. I.D. packed with
Carbopack C (60/80 mesh), coated with 0.2% Carbowax 1500; pre-
cecded by 2@ 1 ft. long x 0.1 in. T.D. column packed with
Chromosorb W cozted with 3% Carbowax 1500; carrier flow - 40 ml/
oven temperature - initial 60°C held for 3 min., programmed 8§°C/
to 160°C and held until all compounds eluted. oL

(b) Retention times relative to 2-bromo-l-chloropropane with an
absolute retention time of 829 seconds.

c . N .

() No measurzble recovery using standard purging and trapping con-
ditions. Under modified conditions, i.e., purging at 10 ml/min
for 12 min., recovery is 100%.

a S - .
. () Recovery 12% under standard purging cenditions, i.e., Toom

- temperature, 30% at 55°C, and 74%.at 95°C.




» Table 11

Characteristic Tons of Volatile Organics

Comgound

chloromnethane

dichlorodifluoromethane

- bromomethane
. vinyl chloride
chloroe;naﬂe

methylene chloride

trichlorofluvoromethane
1,1-dichloroethylene

bromochloromethana(1S)
1,1-dichloroethane

trans-1,2-dichloroethylene
chloroform

1,2-dichloroethane
1,1,1-trichloroethane

carbon tetrachloride

bromodichloromethane
1,2-dichloropropane

.trans-1,3-dichlorapropene

trichlorocthylene
dibromochloromethane

cis-1,3-dichloropropene

EI Ions (Relative Ion used to
intensity) _gquantify
50(100); 52(33) 50
85(100): 87(33);
101(13);103(12) 101
'84(100); 96(54) 94
62(100); 64(33) 62
64 (100); 66(33) . . .64
49(100); 51(33); e
84(86); 86(55) 84
101(100); 103(66) 101
61(100); 96(80); 98(53) 96
48(100); 130(sS
128(70); 51(33) 128
63(100); 6:(?3), 83(13); .
85(8); 98(7); 100{4) - ~b3
61(100); 96(90); 98(57) 95
83(100); 85(66) : - B3
62(100); 64(33); : .
88(23); 100(15) 98
97.(100); 99(66);
117(17); 119(16) - 97

117(100); 119(86); 121(30) 117
83{100); 85(6%);

127(13); 129(17) 127
63(100); 65(33);

112(4); 114(3) 112
75(100); 77(33) 75
95(100); 57(66)

130(90); 132(85) 130
129(100); 127(78)

203(13); 206(10) 127
720100); 77(33) 75




" ‘Compound

1 l,b -trichloroethans

benzene
2-bromo-1-chloroethane {IS)
7/

7

bromoform
1,1,2,2-tetrachloroethene
1,1,-,- tetrachloroeth“ne

1,4-dichlorobutane(IS)
toluens2

chlorobencene
ethylbenzene

acrolein

acrylonitrile

EI Tons (Relative

Ion usecd to

intensity) quantify - - .
83(95); 85(60); 97(100} S
99(63); 137(9) 134(S ) 97 .. ..
78(100) 78
63(100); 65(33); e
142(14); 144(18) 142
171(50);173(100); 250{4);

252(11); 254(11); 256(4) 173

129(64); 131(62); -
164(78); 166(100) 164

83(100); 85(66); 131(7); -
133(7); 166(5); 186(6) 168

'55(100); 90(21); 92(7) 90

91(100); 92(78) 92

112(100); }14(33) 112

91(100); 105(353) 106

26(49); 27(100); 28(5);

29(43); 55(64); 56(83) 56

26{1.00); 51(32); -

52(75); 53(99)




Semivolatile Organics by Liguid-Licquid Txtraction

Scop2

This method is designed to determine those "unambiguous
priority pollﬁtants“ associated with the Consent Decree,
that aré solvent extractable and amenable to gas chromatograp!
These compounds ars listed in Tables I to III of this seétion
Except for the pesticides, it is a gas chromaztographic-mass
spectrometric method intended for gualitative and semi-
guantitative determination of these compounds during the
survey phase o0f the industrial effluen£ study. Pesticides
are initially determined by electron capture-gas chromatograp

and, gualitatively, confirmed by mass spectromatry.

.

Specizl Aoparatus and Materials

Sezparatory funnels - 2 andlll.with Teflon stopcoék
Continuous liquid-liquid extractors - any such apparatn
designed for use with solvents heavier than
water and having a capacity df 2 to 5 l(a)
(alérich Catalog No. 210, 15775).' Connecting

joints and stopcocks must be of Teflon or glass

with no lubrication.

Proczdure

Sample Preparation for GC-MS Survey - Blend the

composite sample to provide a homogeneous nrixiture including

Available from Aldrich Chemical Co., Milwaukee, VI




a representative portion of the suspended solids that are

mechanical stirrer with a propeller type

Stirring with metal deﬁices is acceptable for organic sampling.
Transfer the sample from the composite container through

a glass funnel into a 2-liter graduzted cylinder and measure

the volume. Then transfer to a 4-liter separatory funnel

or a continuous extractor as described below. Rinse the

cylinder with several éortions of the first volume of extracting

solvent. [Note: Either separatory funmel or coﬁtinuous'

extra tion 1is acceptable for isalafion of.the organics.

Continuous extracticn must be 1sed wﬁgn emulsions cannot be

broken. See discussion under Emulsions.]

Base~-Neutral Extraction : : -

£ o

Separatory Funnel Extraction - adjust ihe pH of the
sample with 6 N NaOH to 11 or greater. .Use multirange
paper for the measurement. Serially extract with 250 » 100
% 100 ml portions of distilled-in-glass methylene chl&ride.
(About 40 ml of the first 250 @ portion will dissolve in the
sample and not be recoverel.) Shake each extract for at

least 2 min. by the clock. 3

s

ry and filter the solvent extract by passing it through
2 short column oif sodium suliate. Concentrate the solvent
by ¥uderna-Danish (XK-D) ev ‘at;on (distillation). The

.sodium sulfate should be prewashed in the column wiih met _q""*v.




_3..
chloride. [Note: Check sodium sulfate blanlk and, if

n an oven at 500°C for 2 hours to remove

0
b
1G]
1]
n
H
g
o2
[
18]
H'
p.

interfering organics.] After drving the extract, rinse the
sodium sulfate with solvent and add to the extract.

&vaporate the extract to 5-10 ml in a 500 ml K~D apéarat
fitted with a calibrated receiver tube. Allow the X-D to coo!
to Icom.temperature. Remove the receiver, add fresh boiling
chips, attach a two-chambar micro-Snyder column and carefully
evaporate to 1.0 ml or when active éistillation ceases.
Remove the micro-Snyder column and add-the internal standard:
10 pl of 2 ug/u_ lo—an thracene (per each ml of extract). Mi
thoroughly.

If it is to be overnight.or longer before the extrect hg:
run by GC-MS, transfer it from the ¥D amp“1 vith'a dieposabl
pipet to a solvent tight containers. The recommended contai
is 2 standard 2 ml serum vial with a crimp cap lined with

teflon coated rubbsr. These are inert and methylene chloriad

"can bs held without evaporation loss for months if caps are

unpierced. When the extracts are not being used for analys:
store them with unpiexrced caps in the dark and at refrigerat
or freezer temperatures.

Acid (Phenols) Extraction - Adjust the pH of +he base-
neutral extracted water with 6 ﬁ HCl to 2 or less. Seriall
extract with 200 x 100 x 100 ml portions of distilled-in-gl

methvlene chloride. (Note tha onl’ 200 ml is used for the

-.£irst extracition). Proceed as described for the basse-

th2 internal st:

iy

neutral extract, including the addition o




-4 -
Emulsions - The recovery of 85% of the.added solvent
will censtitute a2 working dafinition of a broxen emulsiocn. .
{You may correct the recovery of.the first portion for water
solubility of methylené chloride.) Any téchnique that meets
this criteria is acceptable. Amorg technigues that have bean- -
triec'lt. on these samples with fair success are:
1. Centrifugation of the emulsion layer after removal
of any separated solvent.
- 2. Passage of the emulsion through a column plugged
with a ball of methylene.chlbride—wet glass wool.
The solvent used to wet the wool and to wash it

after the emulsicn .goes through must be measurad

and subtracted from the tctal volume to0 determine .

- -
L3

85% recovery.

3. Ralative to labor, sol.ventv is cheap. The addition
of excess solvent sometimes'b:’ceaks w=2ak emulsions._-.
You must remember to use excess solvent in the
blanks also. |

4. Let the emulsioh stand for vp to 24 hrs..

5. Draw off the small amount of free solvent that
separates and slowly drip it back in the top of
the separatory fimnel and tlrough the sample
and emulsion.

ther ideas include stirring with a glas$ rod, heating
on a steam bath, addition of concentrated sodium suliate .

-solution, and sonication.
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(X}

Conitinuous Extraction - If you cannot achiewvsa 85
— . -solvent-ryecovery, 'start.with a fresh aliguot cof. semple and |

extract by continuous extraction.

g
0,

just the pH of the sample as appropriate, pour into
the extiractor, and extract for 24 hours. When extract;ng
a 2-liter sample, using the suggssted egquiment, two liter
of blank water must be added to provide ‘proper solvent recycl:

For operation, place 200-300 ml of solvent in the

. extractor before the sample is added and charge the distillin
flask with 500 mi of solvent. At the end of the.extréction
remove the solvent from the distilling flask only and evaporsa

and treat as describad in the -mase-neutral extract section.

Blarnk Extraction: It is not entirely certain that
% .Z..2.1lixers of blank will aliays be available. W¥hen-it:is, .
proceed to process it as the co;responding sample was done.
‘Include any emulsion breaking steps that used glass wool,
excess solvent or additional chemicals. If less than 2 lite:
is availeble, measure the blank and bring it to volume with
distilled water. On analysis make the necessary quantitative

\
corrections.

Pesticides: These compounds are2 to be analyze=d by

w
[
o)
(Y

(58]
j-4e
10}
cr
a
I

EC-GC using the EPA method published in the Fedser
Vol. 38, Number 123, Part II, pp. 17318-17323. (Friday,
Juna 29, 1973). One-liter rather than 100 ml is to be

»tracted. The solvant amounts given in the method and othe:




~
-5 -

kh
'

S Y Sl = £ = .
ticidas are found by EC,

u

parameters remain unchanzad. I

e

[8)

W)

«3 N - . e
Lly. evaRoracse

tn

...the .extzact is to be cars

14
(8]
0
[
®
v}
]
At}
’l
H
n
rt
H
D]
&)
é}/

to 0.5 ml and sent for GC-MS coniirmation.
The ‘compounds to be analyzed by EC-CGC are listed in
Tabls Iof this secticn
If the pesticide sample has been received in a l-gal.
bottle, hand shaks the bottle fof 1 mnin. by the clock to
evenly suspend ssdiment. Pour the sample into a l-liter
graduated cylinder and measure the volume. Then transfer the
sampls to a 2-iiter separatory funnsel and riﬁse the cylinder.
with the first volume of.extractiné solvent. Use additional
small volumes of solvent if necessary to transfer all of
the sample. Proce=d with the extracticn using the solventis
and amounts prascribad-ih the plbi.:’shed -method. L .
If the sample is to be taken from the original composite
bottle, hcmogénebusly mix as described earlier and transfer’
a l-liter aliguot to a graduated cylinder, then trasnfer
to the separatory funnal with the aid of a glass funnel and
rinse the cylinder as above.
If intractable emulsions are encountered that‘cannct be
broken as described in.the GC-MS survey section, then a
fresh l-liter sample should be processed in a continuous
extractor using methylene chlorids as the solvent as dascribed
earlier but without pH adjustment. The methvlens
chlcride will have to be evaporafed'to a small volum2 and

exchangsd into hexane for clearup or EC-GC anaiysis. To 2o .




. After s=alﬂng the anou’s, put an indeliblie.mark ait th

Final storage and transport of sample extracts: Aftcer
analysis, the extracts of the base-neutrals, acids,..blanks
and pesticides are to be sent to ERL, Athens, Ga 30601

ATTN: r. Walter Shack=lford.

Bach extract is to0 be washed out of its container
into a 10 ml glass ampul and brought to 5 ml * 1 ml. Methyle
chloride i1s the solvent for the base-neutrals and acids,
hexane for pesticides. The ampuls &e to be sszaled in-z
rounded-oif, fire polishad manner, i.é., no thin sharp pezaks

of glass that are easily broken on handling and shivping.

(l’

solvent level. Securely attach a label or tag that gives:. ...
- Type of fraction (base-neutrzl, etc.)
Industrial category
Name (of plant, city and state)
Specific source or stage of treatment
Date sampled originally
Date sealed . | .

-

Nan= of contractor and analvtical laboratory




Virap the ampuls in packing material to prevent breakage and .
mzil or ‘'ship them postpaid at ambient temperaturz. When the --

samples are safely in ampuls, the remaindar of the composi

sample may be discarded.

129
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GC-MS Analysis

Compounds to be analyzed by GC-MS alone fall into two
cztegories--those in the base-neutral extract (Table II) and
those in the acid extract (Table III). Pesticides (Tables I) that
ware tentatively identified in ihe-pesticide analysis will be | .

confired by GC-IS.

The base-nsutral extractables may be separated and eluted

into the MS under the following chromatographiz conditions:

Column--6 foot, 2.0 mm insides diamester, glass . .
- Packing--1% SP2250 on 100/120 reshs Supelcoport . o "7 s oo

‘Program--hold 4 minutes @ 50°, program 50°-260° @ 8%°/min.
hold 20 minutes & 260° L cee

Injector--275° '

Separator——275°

Carrier cas--He @ 50 ml/min

Injection size~->2 pl

Table II lists the 49 base-neutral extracta2ble compounds
in order of relative retention times (comparasd to hexachlorobenzene)
for the @bove GC conditions. Destection limits were determined by
¥S responsa. The seven compounds without retention times o
limits of detection were not available for this report. It is
commeanded that 2,3,7,8-tetrachlorcdibenzo~-p-diocxin (TCDD)




be zcguilred due to its extroms toxicitv. Eos
"similarity-to-compounds that ware aizilable all saven

to be chromatographable us
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addition the characteristic

o

re listed in Table II.

» -

The limits of detection given in Tables I and II refer to the

guantity necessary to inject to get confirmation by the MS methecd

describad beslow.

-

s
banzidire at the 40 ng level. Only after this is accomplished
should the run be started. If benzidine can be chromatographed,
the other nitrogen-containing compounds of Table II can be .

chromatographed as wesll.

- cweziIE.desired, capillary .oxr SCOT. co’u.ns may be-used instead .of.
the packed column of SP-2250. Coatings of OV-17 or SP-2250 may
be used. The elution order of OV-17 and -SP-2250 are very sinil
Somz specific data for OV-17 is given in Table V. - The performance
criteria for benzidine must still be met and in additicn, the
system must be shown to elute the late running polynuclear aromati

H

compounds.
The acid extract“b es may be chromatographed as follows: -

Lolumn--6 foot, 2.0 mm inside diameter, glass
PacA¢“g-~TenaA GC, 60/80 mesh
Progr a--180° - 300° ¢ 8 /mln

. e}
Injector--2990




Table IIi lists tha 11 =zcid extraciszbles in prder of relativa
‘@tention times (compared to 2-nitrophencl). Chromztography of .
poor. The limits of dztection given refecr to the - -

-amounts reguired to get MS confirmation by the mathods describad .

belga.
Before an acid extract is run on the GC-MS the opzrator
should demonstrate the ability to detect 1 ng of pentachlorophenol.

Mass spectrom try should be conducted with a system utilizing
a jet separator for the GC effluent since membrans separators

- Y

lose sensitivity for light mclecules and glass frit separators

inhibit the elution of polynuclear aromatics. A computer svstem . | .

should be interfaced to the mass spectrometer to allow acquisition

of continuouvs mass scans for the duration of the chromatographic . .

program. Th2 C r puter system should also be equipped with mass

storage devices for saving all data from GC-MS runs. There should
-computer software available to allow searching any GC-MS run for .

- sp2cificdons and plotting the.intensity of -the ions with-.respect . ...

any specific ion plot peak is esse

+to0 time or scan aumdbar. The ablhty to integrate the aresa under
tial for quantification.

.To indicate the preséace of a compound by GC-MS, three
conditions must be met. First, the characteristic ions £for the
compound (Tables I-III) must be found to maximize in the same
spectrum. Second, the time at which the peak occurs must be within
2 window of # 1 minute for the retention time o0f this compound.
Finally, the ratios of the three peazk heights must agree with the

relative intensities given in Tebles I-III within * 20%.

An example of identifying a component is as folleows:




it is known ithat hexachlorsbenzensz eluta
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colum at 19.4 minutes. iexxachlorobenzene has characterl

ions at 284(100%), 142(30%), and 24%(24%). The
to display a plot of the intensities of these ions versus time
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" {or MS scan nimber) and the” window from 18.4-20.4 minutes is - - =
examined for the simultaneous pesaking of the intensities of these
ions. If all three ions are present, the ratio of the peak
heights is checked to verify that it is 100:30:24 = 20%. If the
_thres tests are successful, hexachlorobenzene has been identified

in the sample.

-Table I lists the 18 pesticides and PCB's that will be
confirmed by GC-MS using the SP2250 column. Chlordane,
toxaphene and the PCB's have retention ranges rather than
specific times due to their being multicamponent mixntures.

It is suggested that the first 14 materials be confirmed exactly

.as. the..othar base-neutral compounds. . B A SR R UL S

© =7 "The ‘last four materials reguire spscial treatments.- -Chlordans
"is expecfed to produce two main peaks within the retention range -
given in which 211 three masses listed will maximize. Toxaphene
will produce several (5-15) peaks in which the masses given
will maximize within -the retention time range. For the PCB's
each mass given corresponds to the molecular ion of PCB isomers,
e.g., 294 is tetrachlorobiphenyl. A specific mass plot will show
nultiple peaks for each of these iors within the retention time
listed; but in general they will not maximize in the same TIC
pezk. For these four materials in particular it is necessary to -
1so run a standard. Because GC-2S is only being used for con-

a
firmation~--and at its limit of detection--all cuantification will




ur ar2 not final and feedback from the Ffield to Dr.

- --+then 2 compouand has bzen.identified, -the guantification of . . -
that compound will be based on the integrated area from the sacific
ion plot of the first listed characteristic ia in Tables II and ITI.
Quantification will be done by ths internal standard method using
éeuterated anthracens. Response factors, therefore, must b=z - .
calculated to comparza the MS response for known quantities of

each priority pollutant with that of the internal standard. The - -

response ratio (R) may be calculated as:

R = -‘B-E b1 La
Cc

where Ac is the integrated area of the characteristic ion from
the specific ion plot for a known concentraticn, Cc. Aa and Ca _ .
arz the corresponding values for deuterated .anthracene: --The.---
relative respons2 ratio for the priority pollutants shauld be
known ‘for at least two concentration values~-40 ng -to approximate
10 ppb ané 400 ng to approximate the 100 ppb level.: Those com- o
pounds that do not respond at either of these levels may ba
run at concentrations appropriate to their response For cuidance
in MS limits of ce ec‘t:1 on refer to the values given in Tables I-III.

The concentration of a2 compound in the extract may now be

calculated using:

H
1

c___Acha -

wnere C is the concentration of a component, Ac is the integrated
£ s
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In samples that contain an inordinate number ‘of interferences
the chemical jorMiZation (CI) mass spectfum may make identificatiom
easier. In Tables II and III characteristic CI ions for most
corpounds are given. The use of chemical jonizaticn MS to suppor

EI is encouraged but not reguired.
5. Quality Assurance

T GC-MS system pariormance evaluation is reguired each day

- the system is usad for samples or reagant blanks. 2 sample cf

20 ng of decafluorotriphenylphcsphine(b) is -imjected into the

. system and the mass spactrum is acguired and plotted. Criteria
established in Appendix ITI must be met. The analys:t must also
‘demonstrate that ths analytical conditions emploved result ... - ::: o
in sharp total ion current peaks for 40 ng of benzidine on the
8P2250 ‘column when this columm is used and 100 ng of pentachloro-

phefiol on the Tenax GC column when it is used@ with the MS as a

)

detector. All plots from the performance evaluation must b

retained as proof of valid parformance.

. As performance evaluation samples become avallable from
EMSL~-Cincinnati, they are to be analyzed by solvcn; extraction
once each 20 working days and the results reported with other

analytical data.

The 1% SP2250 and Tenax GC cclumn packings are availabls

by reguast to EPA contractors from Dr. Walter Shackelford, EPA,

. Aghens, Ga.

b N e - . . -
(b) vailable from PCR, CGalnesville, TL
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an asterisk have not yet been.received by the Athens lzboratory.
In ordér to minimize unnacassary GC-MS analvsis of blanks,

the extract nay be run on a FID-GC eguipped with approprizte
SP2250 and Tenax éG colurms. If no peaks are seen of intensities

‘egual to or gre até:':nan the deuterated anthracens internal |
tanlard then if is not necessary to do a GC-MS analysis. If

such peaﬁs are seen, then the blank must be sent for full priority

pollutant analysis.

111 look for all priority pollutants to the .
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The co
limit of 10 ug/l except in those cases listed in Tables II-ITI
in vhich linits of detection are too high for analvsis at this

level.

6. Reporting of Data

' All concentrations should be reported in ranges--10 ppb -~

100 ppb ard greater than 100 ppb. Report concentrations for pesti-

cides as prescribed in the Fedsral Register Method. - The relative

response ratios from MS analysis should be included when reporting a:

ST A 2] 3 = = cen O N
All GC-1!S data is to be saved on 2-tradi magnretic fana
d L 3 - F P | ™ 4 T - - -
and sent to tho Athens Znwvironmental Ressarch Lukovatory foxr .
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Typa--Y~-txack, 200 DBPI, 2400 foot re=ls

Block Size--< 4000 {spacify}

Code~--EBCDIC

, .
An -acceptable data format would have the first two records

e identification. Subssguent records contain

n
'_J

containing thzs samp
eight mass~intensity peirs, each of which is 5 characters long
ed. At the end of each spectrum in a sample

and left justifie
pailr is blank to desnote the end of

run, the last mass-intensity

the spectrum. When 21l data for the run is on the tape, an endé-of
file mark should b= written. The next earﬂple run can then be’

entered. On2 example is:

ide
"N Records:Spactrum 1 of sa....1 last mass—intensi ty pzir

is blank to denote end of spectrum
‘M Records:Spectrum 2 of sample, last mass—intensity pair.

"is blank to denote end.of spectrum

L Records:Spectrum N of sample, last mass-intensity pair
is blank to denote end of spectrum .

END OF FILZE .
2 Records:Sample 2 identification

etec.

Oiher data formats are possible, but any format that is
used must bz accompanied by a full explanation of al

formats.
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Table

IV. ELUTION ORDE

PRIORITY POLLUTANTS ON 15

-

Sae - penTe
SEMIVOLLT Lk

Comoound _RRTb'
1l,3-dichlorchanzena 0.35d
2-chlorophanol 0.35%
1,4-8ichloxobenzens 0.35d

. ‘hexachlorcathane -0.38
1,2-3dichlorobanzensa 0.39
bié(z—chloroiscp~ ovl)ether 0.47
f—-endosulian 0.51
2,4—dimethyl phanol 0.52%
2-nitrophenol 0.53°%

.2,4~-dichlorophenol - 0.53%

< .hexachlorcbhbutadiene o 0.55
1l,2,4-trichlorobenzens C.55

.naphthalene 0.57
bls(2—chloroe hyl)ether 0.61
hexachlorocrcl opentadiene 0.64
nitrobenzens 0.64
phenol 6.67
bis {(2-chloroethoxv)mathane 6.68
2,4,6-tricnhloropnhenol 0.71%
p-chloro-m-cresol 0.737
Z—Cﬁloronaph;halene 0.75
acenaphthylene 0.83
acenaphthane 0.%3
isophoronz 0.237
flucrene 06.351




. . mable TV. ELUTION OPDER OF MOST OF THE SEMIVOLATILE

w—mry R . . 58 .
PRIORITY POLLUTALNTS T 3% $p2250 (C"!"‘.“;l.xhcl

R —_—

Compound ~ o . RRT
2,6-Ginitrotoluane 0.93
i,Z-diphenylhyéraziue 0.96
2,4~dinitrotolusna 0.98

) N-nitroscdiphenylamine 0.22
hexachlorgbhanzen2 1.00
Z-bromophenyl phanyl ether 1.01

¥
y-BHC : 1,097
phenanthrene o 1.09
anthracen? S 1.0°

. aimethyl phthalate 1.10

g pentachlorophenol . .11
. 8~EHC : C1.12
- ~-zldzin S , ' 1.12
Giethyl phihalate ‘ ‘ 1.15
' " heptachlox SR 1.15
;ﬁéntéchlor epoxide ' 1.23
Fluoranthene : . 1.23
a-endosulian | ' . 1.24,
aieldrin - ' _ * 1.28
4,4'~DDE | . 1.30
pyrens , 1.30
gi-n~butyl phthalate 1.31
.-4,4'<DDD (p,p'~TDI) - - 1.23
i 4,4%--DDT l.ssa

endosulfzn sulfate

- -
s bemzicine . 1.33
- e B - Y = - .
k b-‘slt‘v,a\. D'P.'.“.? R 3 -1*.:.-’51;.3 ,3 .0




Comoound e T RR

bis(2-ethylhexyl)phthalate 1.50

benzo(a)anthracans C R 1.54
bznzo(b) flvoranthene ) 1.66
r=nzo (k) fluoranthane 1.66
benzo(a)pyrens . - . 1.73
indeno(l,2,3;cd)pyrene . _ 2’07,
dibenzo(a,h) anth=acene ’ S . 2.12¢
benzo{ghi)perylens . 2.3.2f

@ 1s Sp-2250 on 100/120 mesh Supelcoport in 2 6' x 2rm id
glass colurm; He € 30ml/min; Program: 50° for 4 min,
then 8°/min +o 260° and hold for 15 min. '

Ralative to hexachlorobznzene zt 15.4 min.

40ng gives 5-90% response on FID unless otharwise noted.

200ng required to obtain 5-3%0% response on FID.
.2 ug required.

40 pg reguirecd. -




ra

Stand:

7
QA

not available: as of 2,/8/77

N-nitrosodi-n-propylamine
4-chlorophenyl phenyl ether .
TCDD

endrin aldehvde
N-nitroscdimasthyviamine
3,3‘~dichloro$anzidine

bis(chldromethyl)ethar (unstable in water)

" Standards +hat would not chromatograoh:

4,6~diritro~o~cresol
£-nitrophanol

2,4-dinitrophencl

‘Standards vieldine a range of peaks:

R L RRTb

pCB-1242 0.93-1.2¢ .
PCB-1254 1.18-1.£41
toxaphene 1.22-1.47

chloxrdane 1.14-1.37

!
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4

+3
%
'—J
w

_- Compound

1,3~-dichlcrobenzens
l,4-dichlorotanzene

2-chlorophenonl L

1,2-adichlorobenzene
bis{2-chlorosthyl)ether
phenol

bis (2-chloroiscpropyl)ether
hexachlorozthans
nitrobenzense

2-nitrophanol
1,2,4=trichlorobenzene

2, 4—d" methylcheanol

napht thalene
2,4-dichlore
hazachlo:obu
isophorons=
p-chlcro-m—-cresol
hexachloro yclopentadierne
2,4,6-tri 10 oohenol
chlo*o“ er
" 2,4-din
ageceanag

-

acenapb

dimethy)

fluoren

dletbyl

N-nlt‘
, 6-din

cz-BI?C

4-bromozhenyl phenyl ether

y=BHC

hexachlorobanzene

B-BHC

phenanthren

‘anthracens

di-n~butylphthalate

c.ldrl

fluoranthene

pyrene

DDE

3o’

~”
-
-
'S
[=S

arnn’l
a2nol
-

cisne

q
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7. Continucd
v S Yeatl Nl ey
\ . cnioanuca

.y
IRg by

"his(2-ethylhexyi)phthalate
benzo{a)pyrene :
banzo (b} fluorant

benzo{k)fluoranthan

=

glass OV~17 SCOT column,

33 mater g e g
60~ -~ 260 @ 6 /minute

Program:

Rumbar 0f 2.5 second scans

-

to point of elution.

804
5006
970

70

t7
(b




. by flameless AA should be prepared 2s on indust

in "Atomic Aoso-nglon Newslatter," 14, page 1

Metais -

With the exception of nercury, the metzls to be determined may

be divided into two groups as follqw:

2) those metals which are to be first analyzed by flame
a2tezic ab;o:ption (Ad), and, if not detectad, then anzly:zed
by'fv ameless AA - Be, Cd, Cr, Cu, Ni, Ph and Zn,

l b]. these metals which are.to be anaiyzed by flameless AA

only - N Ag, As, Sb, Se, and TI.

For flame AA'znazlysis the sample should be nrepared using the

procedure 25 given in "hethods for Chemical Analyses of Water and

_Wastes (1574)" 4.1.4 page S3. (See Appendix IV). Tt T
With the exception of antizony and beryllium, samples to be analyzed

rial effluent as described
(See Appendix V)
11 (1975). / Note: Nickel

L %4

nitrate should be addad only to those aliguots on wnlch the analysis

of selenium and arsenic are to be accomplished. The samn’e p*epar“ tion

procedure for antimony and beryllium analysis by flameless AA is the

same procedure usecd for flame AA.

The sample proparation procedure to be used for mercury

analysis is that given in "MNcthods for Cremical Analysis of Water

and Wastes (1974)" £.1 page 124. (Sce Aﬂp”nd-a iv).




[

electrodeless discharge lamps or

)

specirophotenster equipped with
For arsenic, czdaiim, antimony,

may be vtilized. A heated graph

flameless A woTk. A strip

cadout system to

Procedure

2)

"Methods for Chamical

Flams AA - The procedures to

“o
bd
o
[}
rt
&)
—
ot
2]
ot
(el
[0}
w3
(L}

in Tzbie I bzlow
used are 2150 includad.
arc not

manufactuTers reccomnsr

coTrraction is to be used on 2ll

ed using an 2tomic absorptiion

simultaneous background capability.

sod

eleniun, thalliuvm and zinc,

(74

.

recorder nmust be used 2s par:t of the

detect and avoid the inclusion of extranscus dzta.

described in
Appendix IV)
(1974)"/2s refersnced

-
> yy e - - o3
Anstrunental parameters which

the recommended procedures, the instrument

cations are to be fcllowed. Backzround
analyses.
.




. — © o= = aa R — o n—

Methods for Chemical Annlysis
Element of Water ancd Wostes, 19727 Coinmentis
Be p- 99 ' Anzly:ze by flameless A\ 1f conc. <20 ug/

ca p. 101 Analyze by flameless AA if comc. <20 pg/

. Cr p.‘105 - Use nitrous oxide-acetvlene flame for al
analyses-analyze by flamcless AA if cenc. <20

cu p. 103 Analyze by flameless AA if ccnc. <50 pg/

a
N1 - - P- 141 Analyze by flameless AN if conc. <100 ug
Pb p. 112 Anaiyag by flameless AA if conc. <300 E2
Za p. 155 Analyze by flameless.AA if conc. <20 ug/

*In those instzances where more vigorcus digestion for sample

Teparation is desirzd (or necessary) the procadurs on page 52
1 rould b

g followed.

b) Standard sbiutidns to be used fof the Flameless work should zlso

u-]'
b’
(V2
0
Iy
77‘
%]
]
o
tn
[
V)
o3
.
. m
¥y
ln‘
O
o
o’
L
.,
‘o
o,
'Ll
ot
r‘
C|
¥
(e

instrunental settings and conditiocns reconmended by th, manufacturcr:

e to be considered the procedural guidelines. In additicn, the

Q
(d4
e
©“
9
H
(@]
]
%)
L
-
1%
~

LOIIOwln" requirenents should also be incorporated int
1) Argen should be used as the purgze gas in 21l znal
© 2} Backgrovnd cocrrection and method of standard zddition

rust be used on all analyses.
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4) The graphite tube or cuvette should be replaced as

sugzasted by thz instrument manufacturer or when

5) Al di

(%]

-

posable pipet tips should be cleansd before use

by soz2kingz overnight in 5% redistilled nitric acid,

rinsed with tap and deioni:zed water, and dried.
6) Tid accuracy of the temperature indicator on the heated

- graphite atomizer should be verified before begimning

.

any anaiytical work. This should be done by plotting

charring temperature versus atoaization signzl and -

- determining the maximum allowable charring temperaturc

-

for 2 standard solution of 2 compound where the volatili-

zation temperaturz is known. The comround used should
L .3' - . o

have 2 volatilization temperature betweecn 800 and 1200

c.

7} To iInsure that thersz is no loss £rom the acid matrix prior
to atomizatior, the optimum charring temperature for each
metal should be estéblishcd in the sﬁmc mannar (i.e., by
plotting charring temperzture ?ersu§ aécmizﬁticn signal

of standard solution of each metal). o

‘¥or the determination of selenium the procedure given for

("Atomic Absorption Newsletter,"™ Vol. 14,

industrial effluents
(see Appendix V) .
page 109 [1975])/ should be followed. Arsenizc should be determined




environmental contomination. The analyst moest teke precsuticon to
Provide a clean work zrea to minimize this problem.

¢) Mercury analyses - The cold vapor technique 2s described in
“Methods for Chemical Analysis cf Water and Wastes, 1574" page 118

)} is to be followed.

.0
e

Qua11tzggs=u*anC°

" To verify

that the instrument is operatine correctly within ¢
R -4

perLor::nce 11:1;5, an appropriate standard
included between every ten samples.
) Spiked & quots sna’l be anzlyzed with a frequenc

the sample load for cach metal determined by

”3 of the expected valuz the

ba oo

15 not wit

by method of standard 2ddition. (The spike

aliquot pricr to sample preparatien.) The amount

should be

should be
v 6f 15% of
If the recov

the z2bsorbance by not less than 0.01 units where the zbsorbance in
the wmspiked aliquot was less than 0.1, and not more thanm 0.1 when
the absorbance in the unspiked aliguot was 0.1 or grsater. ™~

¢) For mercury, the spike added shculd be =n amount

. five times the detection level.
. -

cqual




Cer v et

3.

2) Initially, determine 100% distillation efficiency on each

Cvaniﬂcs

Somn nle P“"C“"T""").

"All samples are to be distilled prior to dotermination for

(2 1Y

total cyanides. The distillation precedure given on page 43 o

Ter

™Methods for Chemical Analysis of Water and Wast es, 1974" (sez

Appendix IV) is to be followed.

The procsdure for total cyanides as given cn p2ges 43-48 ol
"Methods for Chemical Analysis of Vater znd Vastes, 1974" [sce
Appendix IV) is to be followed.

r Assurznce o .

d1§»*111 tion-digestion apparztus bﬁ comparing distilled standaxrds
to‘noq distilled stzndards. Each day, distill at least one s:tandar
to confirn distillation efficiency znd puri t) of reagents.

b) At least 13; of the cyanide analy;is will cons; f duplicat
and spiked samples. Quality control.limits are ﬁo be established

and confirmed as described in Chapter 6 of the "Analytical Quality

Con 7ol H.h—DOOk" (sce Appendix VI).

Report cyanide concentraticns as fcllows: less than 1.0 mg/i,




Distill all samples prior to detemminztion of phenols. Use
the procedure in "Standard Metheds for the Examination of Water and

Wastewater,” 14th edition, 1975, p. 576 (2ppendix X).
2. Procadure

Use mathod 510 for phenols in »rendix X, pages 577-530
and 580+581. Use method 5103 for samples that contain less than

1 mg/} of rhencl. Use method 510C Hr samples that contain more

than 1 mg/1 of phenol.

3. Dualitv Assuranc

Determine that distillation efficiency is 100% on each distillatic
apparatus by comparing distilled standards to non~-distilled standards .
Each day distill, at least, one st‘andard to confirm the distillation

efficiency and purity of reagents.

Run duplicate and dosed sample anzlyses on at least 15% of the
samples analyzed for phenol. tablish and confirm gquality control
limits as described in Appendix VI.

4. Reporting of Data

-

Report phenol concentrations as follows:
Method 510B to the nearest 1g/1.
Method 510C - when less than 1.0 pg/l to the nearest 0.0

3
S8

1.0 mg/l and above to two significant figures.

Report all quality control data when reporting results of

.
sample analvysis. .




II.

III.

VIII.
iX.
X.

z

List 0of Amendices (Raferences)

Determining Volatile Organics at liicrogram-per-Liter Levels by

Gas Chromatography. T.A. Bellar and J.J. Lichtenberg, Jour.
AWWA, p. 739-744, D2c. 1974. '

Federal Register, Volumes 38, nusher 125, part II, Appendix II,
p. 17319, Friday, June 29, 1975, "Determination of Organochlori
Pesticides in Industrial Effluents.” _
Reference Compound to Calibrate Ion Abundance HMeasurements in

Gas Chromatograz ny--Mass Spectrometry Systems. J.W. Eichelberc

.L.E. Harris and W.L. Budde, RAnal. Chem. 47, $93-1000 (1875).

Methous for Chemical Analysis of Water and Wastes (1974).

U.S. Environmantal Protection #gency, Technology Transfer.

Determining Selenium in Water, Wastewater, Sediment and Slud

by Flameless Atomic Absorption Spectrosccoy. T.D. Martin and
J.F. Kopp, Atomic Absorption Mewsletter 14, 109-116 (1975).
Handbook for Analytical Quallty Control in Water and Wastewate
Labcratories (1872). U.S. Environmental Protection Agency,
Technology Transier. , )

ASTM Annual Standards - Water, par; 31: (a) Method D29508
"Standard@ Recommended Practice for Measuring Water by Agueous-
Injection Gas Chromatography", (b) Method D3371 "Tentative

"Method of Test for Nitriles in Agueous Solution by Gas Liguid

Chramatograph”, and (c¢) Barris, L.E., Budde, W.L., and
Eichelberger, J.W., Anal. Chem., 46,1912 (1974), “"Direct
Analysis of Water Samples for Organic Pollutants with Gas

Chromatography-Mass Spectrometry.”

General Information

Possible Sources for Some Priority Pollutant Standarés.
"Standard Mathods for the BExamination of Water and Wastewater,
14 edition, 1975.




ST APPENDIX VIIT

Generzl ‘Information

Erulsions

Limited work with several categories of industrial effluents
covered by this study (tanneries, petroleum, soap and detergent,
steam electric, pesticide) show that emulsions of widely différing
frustration factors are often encountered in the ertraction procedure
Szmples that emulsify at basic pH usually also emulsify at acidéd pH.
There are two egually acceptable alternatives available for the
purposes of this protocol: break the emulsion or start over with
fresh sample and use a continuous extractor, to prevent the formatio:

of emulsions.

By the 85% solvent recovery criteria, no way was found to break
the emulsion o:mod on extraction of untreated tannery wastes. 2
soap and detercgent sample was also very difficult. The use of a
continuous heavier-than-water liguid extractor allowed the extractio

- .

to take _place with no difficulties and very littlie labor.: . Bowever,

£

two days time is reguired. Comparison of samples from four industri.
petroleum, tannery, pesticide, and soap and detergent--by both shake
and continuous extraction using wastes spiked with priority polluian
indicate that the two techniques are comparable. For some indiviual
cases one technique is better than the other but no clear pattern
merges. Therefore, if desired, a continuous extraction technigue
may be used in élace of separatory'funnel extraction for all samples
as well as those for which it is absolutely necessary because of

-

intractable emulsions.
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" bis (chloromat

‘carben -

Poscibla Souvrxrcoe

Compound

Appendix Ix

s for Some Priority Pollut

Source of
" Standard ?

acenaphthene
acrolein
acrylonitrile
aldrin
dieldrin
benzens=
banzidine?
tetrast
cnlo*'dgnc (t

Chlorinated benzanss

tetrachloromethane)
mixture & u.,'c=':>ol1tcs)

ﬂother‘than dichlorobenzenes

1

cnlorobanzensa

1,2,4-trichlcrobenzene ;

hekachlorobenz_ ne

Chlorinzated ethanes (including 1,2-
dichloroathane, 1,1,1- trwcnloroeghane
andé hexachloroathane)

l,2-dichlorozthane .

1,1, l~ur1cn1oroathane
hexac\lo*on—haﬁe
l,1-dichloro=than
1l,1,2~trichloroet
1, l,~,2—te;racblo
chloroetha ne

12N

a
etT

H o
Y
- D

Chloroalkyl ethars (c
mixed ethers)

}'.L) ethe
bis (2- chWOfooLﬂ"1) et
2-chloroethyl xlﬁyl e

Chlorinated naphthalen

thane

hloromethyl, chloroethyl

h:

ther

et

2—-chloronaphthalene

a2

AN
AL
AL
HERL
HERL

B’

IcH
B
HERL

A

TE

AL p.

ICH

118
18
19

P.
P-
p.
80
$2380
p. 154
P. 27
p. 88
£1200

165
716
£16

-p..
.

2561
305
" 416
142
388
372
53

P-

50




Cemnound

Source of
s+andard?

Chlorinated phznols (other than those listed
elsewhere; includes trichlorcphenols and
chlorinated cresols)

2,%4,6-trichlorophenol
p-chloro-m—-cresol

chloroform (trichloromethane)
2-chlorophenol

DDT and metabolites

1,2-;1,3-; and 1,4~
)

1,2-dichlorchenzene
1,3-dichlorobenzens : falme o0
1,4-38ichlorcbenzene o

Dichlorobenzidins

3,3'~-dichlorocbanzidine?

Dichlorosthvlenes (1,l-dichlorosthylene and
1,2-dichlorosthylene)

1l,l-dichlorcethvlene o

1,2-trans-dichloroethylens . \
Zrets

2,4-dichlorophenol

Dichlorooropane and dichloropropane

1,2-dichloropropane - :
1,3-dichloropropylense (1,3-dichloropropene)
2.4-dimethylphenol

Dinitrotoluene

2,4-dinztrotoluenc
2,6-dinitrctoluene
1,2-diphenyihyvdrazine

AL
TCI

AL

HERL
HERL
HERL

. AL
AL
AL

B

N,
«ﬁ

!,l
&

v hd
eV lvs}

-~

p. 712
p. 102
P. 92

P. 187
#1920

£1860

£1780

p. 258
P. 258
P. 258
p. 81

p. 74

p. 262
P. 265
p. 267
p. 267
p. 323
p. 1290
p. 183
P- 338
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Posgsible Sourcaes for Some Priority rolluvtunt Standazds

{(Continuzd)
] .

g ; Source of
Comooun Standard*
Encdosulfan and motabolites
a-2ndosulfan . HERL £3220 ~
B-endosulfaen e . . HERL £3200
endosulian sulfate . NI p. 45

.

13

Endrin and mestaholite

endrin : ‘ HERL #3260
endrin aldehyde , , NI p. 147

2 . : : R B.p. 161
oe : i : AN p. 112

Halozathers (cther than those listed elsewvhere)

‘4-=chlorophenyk

diphenyl ethe
4~bromophsnyl phenvl e
b*s(Z-CHlo*o;so-ropvl)
bis (2-chlorosthoxy) met

) ' R¥R p. 6%
ther ICN p. 37
ther ) PB

Halomethanz2s {other than those listed elsewhere)

methylene chloride (dichlorcmethane) ' PB p. 276
methyl chloride (chloromsthane) o PB p. 277
methyl bormicds (bromomethans PB p. 276
bro.o:o:m (hrlo* momathane) PB p. 73
dichlerobromomsthane ~ . CO p. 16
trichlorofluvoromathans . N . - : PB p. 358
dichlorodifluoromethans ‘ PB p. 142
chlorodibromomethane : . - CO p. 27
Heptachlor ané matabolites
heptachlor : HERL #3860
heptachlor epoxide . , " HERL $3880
hexachlorobutadicne . AL p. 416

exachlorohvyclohoxane (2ll isomers)

* rqe
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e
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‘  Possible Sources for Some -Priority Poll
. A (Continued)
Compound

Source o~
ta...‘c.rd

hexachlorocvclopantadisne
isophorone: - S
naphthalen

Lrobsanzens

e b

o}
e
r
H

Nitrown°ﬂ01“ (including 2,4~dinitrophenol and
dinitrocresol) -

Z2-nitrophenol
4-nitrophenol
2,4-dinitrcphenol
4,6-dinitro-o~-cresol

Nitrosaminas

N-nitrosodimethviam?
Nenitrosodi-~
hi

. N-nitrosodi
pentachloro

rhenol’

'y,

Pnthalate estars

bis (2-ethylhexyl) phthalate : .
butyl banzyl phthalate :
di-n-butyl phthalate

iethyl phthalate
dimethyl phthalate

Polychlorinated blnhony1s (PCB‘s)

PCBE-1242 (Arochlor 1242
PCB-1254 (axrochlor 1254)

Pplynuclear aromatic hvdrocarbens (including
benzanthracanes, banzcpyrenes, benzo-
luoranthene, ch

rysenes, dibenzanthracenes,
and indenopyrencs)

Nl W

;2—-benzanthracene

enzo{alpyrene {3,4~banzopyrenc) )
;9=-banzoiluoranthene
1,12-benzofluoranthene

nrysone

te

CS
Cs
Ccs
Cs
s

HERL
\ HEP\.LJ

-
AN
oy
ES$
2T
tS}
ko
=S

-y
L4

P
P-.
P
P.

P.
P.
P
P.

P.
D.
P.

£57
£57

.

‘g g

rJ

0 0> 0000

416
464
113
557

564
564
332
188

173
310
159

. 587

595

c3
05

1~ b
=

[sp oo
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--Possible Sources for Some Priority Poilutant Staadiards

(Continued)

- . . - : Sourcce of
Compound - - - e Standard?
acenaphthylene ' o AN p. 1
anthracene ) _ Al p, 118
1,12-benzoparyléns " B AN p. 118
flvorens= . AN p. 118
phenanthrens ’ AN p. 118
1,2:5,6-dibenzanthracene AN p. 118
1ndeno (l 2,3-C,D)pyrens AN p. 118
pvrena . AN p. 118
2,3,7,8~tstrachlorcdibenzo-p-dioxin- (1CDD\ S NI p. 174,
tetrachlorosthylene , AL p. 680
tolusnz ' , : AL p. 701
toxaphene . HERL #674%
trichloroethyvlene ' AL p. 711
vinyl chlgrlo: (chlorosthylene) - ) PB p. 406

l-bromodecans (possible intexnal standard)
l-bromododacane (possible internal standard)

.
- . - : N . - .

! These compounds or any mixture containing 1% or more by we
of these conpounas are defired as carcinogens in the Feder
Register, Vol. 38, No. 144, pp. 20074-20076, 27 July 1973.
Prescrib=d saiety regulations for handling are in the Federzl
Register, Vol. 39, No. 20, pp. 3756-3797, 29 January 1974.

2 Only ons source is listed even though several may be available.

y These sources are not to be interpreted as baing endorsed by
the EPA; they serve to show at least one venior whare each
standaxrd can bs obtained. Whan several sources were available
an@ compound purity was listed, the source having the highest
purity material was selected.

‘n:vo beon ordered but H ave not baa2n receoived
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Aldrich Chemical Zo., Milwaukee, Wisc.; Catalo

Analiabs, Inc., lorth Eavan, Conn.; Catalog 18 (June 1976).

J. T. Baker Chemical Co., Phillipsburgh, N.J.;
Catalog 750 (July 1975).

Chem-Service, West Chester, Pa.; ‘Bulletin CS-100-8 {2975).

Chenical Procurement Lazborztories, Collegz Point, N.V.:;
1875 catalog. :

-

Eastman Xodak Co., Rochester, N.Y.; Catalog 48 (1976).

XgX Rare. & Fine Chemicals, Plainview, N.Y.; Catalog No. 10
(1973).
Nanogen

5 International, P.O. Box 487, Freedom, CA 95019
"Nanog=sn In

Zex" (1975).

Pfaltz & Bauer Chemical Co., S;dnLo‘d Conn.; Catalog
1976.

. "Cnemlcgl St 1da Js for nir-Wator—. .
Industrv—?ooﬁs' ( X x : :

YZnalytical R=ierence Standards and Supplemanital Date for
Pesticidses and Other Selected Orgzanic Comoornls", EPA~
660/9-76-012 (Iay 1976), Health EIffects Research Lzborator:
Environmental Toxicology Division, Research Triangls Park,
NC. 3 sample order klank for standards and the above

publicaulon ars attachsad.
Colunbia Organics Catalog A-7, Columbia, S.C. (1875).

Tridom Chemical Inc., Hauttauge, N.Y., Catalog No. 1
(1976).
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FZALTH ETFRCTS RISEANCZH LADROIATORY

- T DNITED STAT S ENVIRONIAENTAL PROTECTION AGLNCY
Research Triangle Park,’ horth Carolina 27711 o

TSR Lt Seasane -
SUBj“CT- Index of Pesiicides Analyiical Relerence N
pwy . . - - . P S P
Stan&aras ~ Update of Mailing List . -
v:’ ‘. —:k- r - . . r . E h ,—) Ar‘
FROM: Health Effects Research Lzboratory, ETD, A(CB, . _7‘ D TN
' Rescarch Triangle Park, NC, U.S.A. 27711 (#D-59) e (

<o, - 211 LiSozatosy Fasilities.on our Mailing List e e
reference standards

This copy of the 1976 revision of our pesticides
. index was mziled to the address appearing on our mailing list. &as this
list is several yesars old, we are sure that 2 nurber of addéresses hava
changed and that some are probably no longer existent. . :
- * 4
If }O“ wi h to rzmain on our nai ing list to receive future uplates
- of this publication, would you be good enocugnz to ccmplete the mail -b:-.:;:
C below, snip it off, and return it to us. Do not tear off the back cover.
".%. to return to the address shown. - If you have no use for this pubdlication
but know of scmz othar individual within vour organization who is con-
cernad with pesticides analysis, wo'wld vou convey this index, a2long with .
'.m—o.the mzilback, to that person.

et e
¢

To: . U. S. Envirenmental Protection Agency
Health Zffects Ressarch Laboratory Date
Bnvironmental Toxicology Division o
Research Triangle Fark, NC, U.S.A. 27711 (KD-69) )

. ;

-
- -

sish to be retaired on your mailing list to receive future updates
2]

-’ We s
of the Pesticides Standards Index. The address shown on the enveloo
is entirely correct and reguixres no changes. -
We have no interest in future updates of this publication. Plsoase
cancel us Irom your mailing list. - . .

W2 wish to be retained on your nailing list, but the address shown
the env ’"" lope should be changed to read (print or type)

-

5




- AN . : Date Roguoeust Racod / /
o Nuality Agsurance Soctlon . Shipment Dute 7 7
: . Eanvirormantal Tomnticolomy Divizicn, Labd Cone Moo
EPA, KIRL, Teszarceh Triangle Pork, N2 27713 Créoy Fillad ov
- ED-59 DO 10T WitITD TN THIL SDACT
The following relerence standards are reguired for our program:
Catalog Compound Catealos Compound
Cods {Catalog licmz) Ccle {Catalog lame)
Bo. 1o,
A4

1f necesszary, usa2 back of sheet to complete list.
if this form is completed in full.

Name and adiress of laboratory

]
s

Covering letter uvnnecessary

eaemee e s emge®a

Reguestor's

PTRNT:

PO

3
Nama +

or tyoz)

-3 - = % - 3 = ey 5 3
1. The amount oFf each stendard is restricted to 100 mg bacause oI the scascity
- - £ 3 1 [P Y 3 - 3 -
and expansa of refining analyticzl grade materials.
- -y rey - - % Y $ - - - . . : . -
2. Pleass raturn a2t once. the acknowledgenant card entlosad with each chigmenl.
3 - -y I o - - "' & > - & % - - -
This provides the sole eviZence ol delivesy of the shicmant,
- . a R 3 - - PN | LR - - .-
2. Do not rezuest compounds not listed in che catalog. o others ars gzoshoo.
- S ————————————
) . , s s . s
L. IZ 4 bottle nonoars fo H2 emdIy, INTOVR Can and pEaming Antoericr LI Dollill
I ~ “- s N R - - - - 2 - - - R Y T -
:nd cap.  Cartain higaly viscous materials tond o CCollionTt in oo,




